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INTRODUCTION 
Study Area 
Strip Mining 
During the past decade strip mining activities 
have increased very rapidly. Larger depths of over-
burden are being removed in order to reach the ore 
as large equipment makes this economically feasible 
and demands for the ore make it expedient. This 
trend of handling increasingly larger volumes of 
material will continue because: 
1. Much of the more easily obtainable re-
sources have been depleted. 
2. Grml1th in worldwide population accompanied 
by industrialization have increased de-
mands for fertilizers and other phosphate 
products. 
The phosphate mines in Southeastern Idaho are 
one such industry where an increase in demand for 
phosphate has increased strip mining activity. 
Currently, the overburden material is being placed 
in spoil dumps. These dumps are large earthfill 
structures and are being placed in the rugged 
terrain of the mountains where phosphate is being 
mined. 
Erosion of spoil dumps. Control of erosion 
from spoil dumps is of concern to the mining 
companies, the U. S. Forestry Service, and the 
general public. Erosion of spoil dump surfaces 
retards and in some cases prevents rehabilita-
tion, thus creating scars on the landscape. In 
addition, the sediment eroded from the spoil 
dumps affects the downslope areas. In planning 
an effective erosion control scheme, it is nec-
essary to know the physical properties of the 
dump surfaces and how these relate to erodibil-
ity of the soil under a given set of climatic 
conditions and the topography of the site. 
Description of This Study 
Purpose 
The purpose of this study is to develop a 
mathematical model which describes erosion. 
The model developed herein has been implemented 
in the form of. a computer program which simulates 
erosion on slopes of 3 horizontal to 1 vertical. 
Erosion Data 
Data obtained from a field study at the 
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Wooley Valley Mine, by the Forestry Sciences Lab-
or·q tory on the U. S. U. campus, have been used in 
calibrating and verifying the computer model. 
The Forestry Sciences study measured the amount 
of soil eroded from plots under different surface 
treatments and from bare soil surfaces. Details 
of the treatment types and configuration of the 
erosion iJlots are prr>vided i.n Appendix B. The 
erosion data taken by the Forestry Sciences study 
with no treatment (bare soil conditions) are used 
to calibrate the mathematical model developed in 
this study. After calibration of the mathemati-
cal model by use of the limited two years of data, 
it could be used to compute erosion from other 
key mine dumps. 
Model Rationale 
With respect to the design of the spoil dumps 
the questions that need to be answered are how the 
erosion rates are affected by gradient and slope 
length of the dump and the climate of the site. 
Accurate predictions of erosion rates are particu-
larly difficult due to the large number of varia-
bles involved. Moreover, the mechanics of over-
land flow and erosion are not fully understood. 
Thus in mathematically modelling soil erosion some 
simplifying assumptions are necessary. 
Assumptions. Since the soils at the mine 
sites display very little plasticity (Riker, 
Anderson and Jeppson, 1978) it is assumed that 
the soils are cohesionless. It is also assumed 
that the flow is one-dimensional and that the lat-
eral inflow rate (from snowmelt or rainfall) and 
the infiltration rate are constants throughout the 
reach of overland flow under consideration. 
Theory. The water surface profile is modelled 
by using the dynamic equation from spatially varied 
flow with lateral inflows, in open channels. This 
equation is solved numerically using the Hamming 
method. The numerical solution to the water sur-
face profile equation is used in conjunction with 
the equations of continuity and motion for sediment 
transport to compute the erosion rates. Komura 
(1976) studied the erosion of cohesionless soils 
from a hydraulics point of view and derived theoret-
ical equations for laminar and turbulent flow re-
gimes. The approach employed by Komura was to 
relate the boundary shear stress caused by overland 
flow to the erosion rates via the use of the Kalinske 
bedload function (Rouse, 1949). 
Date Requirements of Model 
In using the model to make erosion computations 
the site topography climate and selected soil para-
meters are taken into consideration. The general 
data requirements for the model are summarized be-
low. 
Dump geometry. The pertinent dump geometric 
variables are: 
1. Gradient 
2. Slope length 
Climatic data. Since most of the erosion 
problems occur in the sprintime with snowmelt run-
off, a snowmelt simulation is carried out. Hence, 
the climatic data includes the following: 
1. Maximum daily temperature 
2. Minimum daily temperature 
3. Daily precipitation 
4. Daily average humidity 
5. Daily solar radiation 
Soil parameters. The soil is assumed to be 
cohesionless: 
1. Mean size diameter of slope soil 
2. Specific gravity of slope soil 
LITERATURE REVIEW 
In its broadest sense erosion consists of 
entrainment and subsequent transport of a soil by 
natural agents such as wind and water. Erosion of 
soils has been studied from several perspectives 
and by people from several disciplines. As a re-
sult a voluminous amount of literature can be 
found pertaining to erosion of soils. Since this 
study is concerned with water as the erosive agent, 
all subsequent discussion will be limited to this 
aspect of soil erosion. 
Erosion by Soil Detachment 
The rate at which soil is removed by splash 
is considered to be a time-varying process by 
many investigators. The dependent factors are 
the raindrop intensity, size, duration and physi-
cal characteristics of the soil. Detachment of 
soil is caused predominantly by the momentum of 
the drops or the force per unit area exerted by 
the raindrops on the soil surface. Thus detach-
ment is a function of the drop size and intensity 
of rainfall. 
Some investigators have tried to relate the 
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detachment potential of soil to the kinetic 
energy of the raindrops. Wishmeier and Smith 
(1958) indicate that the kinetic energy of a 
rainstorm is a function of rainfall intensity. 
They suggest the following equation: 
where 
KE = 916 + 331 log i 
i 
kinetic energy, in foot-tons per acre-
in of rain 
intensity of rainfall in inches per hour 
Wishmeier and Smith further concluded that 
among the several different variables which a[fl'cL 
soil loss the best single indicator of soil loss 
is the total raindrop energy of a storm and its 
maximum 30 minute intensity. This factor is called 
a rainfall erosion index (EI) and it reflects the 
combined potential force of the raindrop impact and 
the surface runoff to detach and transport soil 
particles from a field. 
Osborn (1954) measured soil detachability by 
placing empty cans around soil samples under a 
rainfall simulator, thereby measuring the amount 
of soil splashed into the cans. He found that 
rates of soil detachability were lower on medium 
textured soils as compared to detachability of 
coarse or fine grained soils. In tests using an 
air-dry soil with a constant rainfall intensity 
of 4.8 in/hr, in which raindrop splash was refer-
enced to time, Ellison (1944a) found that the 
maximum splash rate (i.e., soil removed by splash-
ing water) occurred between 2 and 3 minutes after 
the rainfall began. Ellison's relationship of 
the weight of soil in raindrop splash as a function 
of rainfall duration, indicated that after the 
splash rate reached a maximum, it decreased rap-
idly. As the splash rate decreased, the weight 
of soil in the raindrop splash continued to vary 
slightly with time. Ellison concluded that the 
water reduced the cohesion between the surface 
particles causing them to go into suspension in 
the surface water. McIntyre (1958) on the other 
hand, found that the splash rates were not affec-
ted by the sealing of the surface. He attributed 
this partially to surface saturation which re-
sulted in minimum cohesion. McIntyre used an 
dil-dry soil and simulated rainfall intensities 
of 2.6 and 3.9 in/hr and found that both intensi-
ties produced a variation in the splash rate after 
a duration of about 20 minutes for the 2.6 in/hr 
rate and after 10 minutes for the 3.9 in/hr rate. 
McIntyre interpreted this to mean that the surface 
sealing had no affect on the initial splash rate. 
From his tests McIntyre concluded that the varia-
tion in splash rate indicates that four successive 
processes occur at the soil surface. 
1. Rapid wetting of the surface causing 
low cohesion and high splash rates; 
2. Formation of a crust on the soil surface 
which decreases the splash rate and causing 
water to accumulate; 
3. Removal of the crust (0.1 mm skin seal) by 
the turbulence in the water, hence, increas-
ing the permeability of the surface; 
4. Percolation of sufficient water to cause 
dissipation of drop energy on the soil 
once again and, hence, an increase in the 
splash rate. 
Ellison (1944b) investigated the size of parti-
cles eroded by splash as compared to particle size 
eroded by runoff. Using plots 5 ft. long and 6 ft. 
wide, and varying simulated rainfall intensities and 
fall velocities of the raindrops, Ellison found 
that there was greater percentage of sand and 
gravel sized particles in the splashed sediment than 
in the original soil sample. When comparing the 
particle size in the runoff sediment to the particle 
size in the splash sediment, Ellison found a 
greater percentage of particles larger than 0.05 mm 
in the runoff sediment. 
Rose (1961) studied the relationship between 
rainfall intensity and the aggregate structure of 
soils by using four types of soil and sieving 
them into four "structural fractions." Rose's 
goal was to compare, with the "structural fract-
ions," the detachment of different soil types 
caused by the same simulated rainfall. By varying 
the rainfall intensity and duration, Rose found 
that both the soil type and size of the "structural 
fractions" can affect the amount of detachment and, 
hence, the rate of detachment. For a given rain-
fall intensity, Rose found that the detachment rate 
increased as the aggregate size decreased and by 
varying the intensity he noticed that the rate of 
detachment for the largest size was a linear 
function of rainfall intensity. For the other 
size, the detachment rate was non-linear and showed 
an increase in rate of detachment with an increase 
in rainfall intensity. From his results Rose con-
cluded that the structural breakdown is more sen-
sitive to rainfall intensity than to rainfall 
duration. 
Soil detachment can also be caused by runoff. 
Ellison (1947) considered slope erosion to be 
dependent on the "detaching capacity" and "trans-
porting capacity" of an erosive agent. In an 
investigation of a well compacted clay, he applied 
clear water to the upper end of the specimen. This 
applied water when introduced at the upper end 
of the slope represented maximum "transporting 
capacity" and minimum "detaching capacity" because 
the water was carrying no initial sediment and this 
resulted in very little erosion. In subsequent 
trials, when the water initially contained a maxi-
mum amount of soil, which would represent a maxi-
mum "detaching capacity" and a minimum "transporting 
capacity," again very little erosion was experi-
enced. Ellison concluded that the maximum quanti-
ty of erosion will occur when the initial flow 
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contains just enough abrasive material to detach 
as much as the flow will have the capacity to 
add to its load. 
Osborn (1955) is in general agreement with 
Ellison when he states that "the amount of soil 
transported depended on the transportability of 
the soiL" Osborn concluded that the transport-
ing cpacity of the water depended on its volume, 
velocity and turbulence. He regarded the trans-
portability of the soil as a function of the 
density, size and shape of the soil particles. 
Affect of Slope on Erosion of 
Cohesionless Soils 
The affect of slope on erosion of cohesion-
less soils has been the object of several studies, 
but the '~'esults of these studies are not always 
in complete a~reement. The soil loss would be 
expected to be proportional to the slope. i.e., 
the steeper the slope the higher the soil loss. 
Conner et al. (1930), after conducting eros-
ion tests on uncompacted sandy soils indicated 
that the soil losses were directly proportional 
to the slope. Duley and Hays (1932) conducted a 
study using plots subjected to 1 in/hr of simula-
ted rainfall at slopes varying from 0 to 2%. 
They, on the other hand, found that the amount 
of soil removed increased very slowly as the slope 
was increased to 4%. Increases in slopes above 
4%, however, resulted in a rapid increase in the 
amount of soil eroded which indicated that a low 
velocity associated with slopes of low gradient, 
the water does not have the transporting capabili-
ties it has at steeper slopes. As the slope in-
creases, the velocity of water increases and 
even though the depth is less, there is more soil 
removed. However, Nichols and Sexton (1932), 
using artifical rainfall, ran tests on large plots 
(50 ft long by 15 ft wide) and found that the 
erosion varied uniformly with slope up to about 
12%. Because the rate of erosion increased very 
rapidly above a slope of 12%, this slope was de-
fined as the "critical slope" for the sandy silt 
soil. 
Borst and Woodburn (1940), using both wet 
and dry uncompacted sandy loam and simulated rain-
fall, investigated the affect of slope on erosion 
by using test plots of 0.01 acres and varying 
the slope from 4.2% to 22.5%. By testing the 
soil in both wet and dry conditions, the initial 
moisture content of the soil was found to have 
no consistent affect on the amount of runoff 
or the amount of soil lost from the plots. Fur-
ther, Borst and Woodburn found that the relation-
ship between erosion and slope could be described 
as 
where 
E 
s 
E 
s 
E 
s 
8.23 (S)1.223 {deg • sat. 
initially 
4.84 (S)1.298 {~e~ .. sat. 
lnltlally 
= 100% 1 (2. 2a) 
wet J 
= 0% } (2.2b) dry 
quantity of erosion, in pounds by dry 
weight per acre 
S slope in percent 
Because the rate of runoff was essentially 
constant for all the slopes it was concluded by 
Borst and Woodburn that the increase in erosion 
resulted from an increased velocity associated 
with increased slope. 
Forrest and Lutz (1944) applied simulated 
rainfall to six plots with varying slopes and cor-
related the depth and velocity of flow water to 
the movement of soil particles. By maintaining 
the flowrate constant and increasing the slope, 
a decrease in the depth of flow was noted. In-
crease in slope was accompanied by an increase 
in erosion, with the exception of the 1.5% slope 
which lost less soil than either the 1% or 2% 
-slopes. The test results of the study showed 
more large material (3.0 - 0.5 mm) transported 
on the 1% slope than on the 2.5% slope, whereas 
the loss of fine material was essentially the 
same for all slopes. 
Meyer and Monk (1965) made laboratory 
studies of erosion by rainfall and shallow depths 
of flow as affected by slope, particle size and 
length of slope. Glass bead rather than soil 
was placed in a bed and the slope was varied 
from 0 to 20%. It was noted by Meyer and Monk 
that under certain values of slope and slope 
length the erosion was essentially zero. The 
erosion conditions were described by the modi-
fied power equations: 
and 
where 
e 
r 
e 
r 
S 
S 
c 
n,m 
o when L < Land S < S 
c c 
amount of soil eroded by runoff per 
unit width 
constant coefficients 
slope in percent 
critical slope 
constant exponents 
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L length of slope 
Lc critical length of slope 
Meyer and Monk concluded that runoff wi l ,) 
rainfall caused more erosion for the smaller 
particles, but less erosion for the larger pRrt~­
cles as compared to the same runoff without 
rainfall. 
Forster and Martin (1969) conducted a study 
to determine the effect of unit weight of soil 
and slope on erosion. They used soils compacted 
to different degrees in simulated rainfall experi-
ments. Based on the results and analysis of this 
study, the following conclusions, regarding the 
affect of unit weight of soil and slope on erosioll 
of unprotected slopes, were reached: 
1. The relationship between the weights 
of solids eroded and the slope indicates 
the existence of a unique slope from 
which a maximum amount of erosion will 
occur. 
2. Analysis based on the average adjusted 
weight of solids eroded indicated: 
a. On the flattest slope, the specimen 
compacted to be smallest unit weight 
experienced the highest rate of 
erosion. 
b. On the steepest slope, the specimens 
compacted to the highest unit weight 
experienced the highest rate of 
erosion. 
Komura (1976) conducted a study on the erosion 
of cohesionless soils from a hydraulics point of 
view and derived theoretical equations for both 
laminar and turbulent flow regimes. He further 
checked these equations against experimental data 
collected from erosion plots and found good 
agreement. Komura's work will be discussed in 
detail in Chapter 3 of this report. 
Erosion of Cohesive Soils 
The first attempts to investigate the scour 
ot co~esive soils by water consisted of determining 
the hlghest flow velocity over a given clay bed 
before scour set in. The clays were defined 
roughly according to origin, consistency and possi-
bly void ratio. Attempts were made to correlate 
the maximum permissible velocity against soil para-
meters, but field data soon showed that for the 
same clay the maximum permissible velocity could 
vary with geometry of the channel, depth of flow 
and other variables. The concept was abandoned as 
it was thought that the shear stress applied to the 
soil by flowing water might be a more fundamental 
erosive agent. Consequently, research concentrated 
on determining, for a given soil, the highest 
average boundary shear stress before scour set in. 
This shear stress is called the "Critical Tractive 
stress, T " and various soil classification and 
engineeriftg parameters, such as plasticity index, 
percent by weight of clay, particle size, water 
content, void ratio, density and strength, etc., 
are related to it. 
Lane (1955) summarized previous works in 
limiting velocities for non-cohesive and cohesive 
soils and presented it for stable channel design 
criteria. For channels in cohesive soils he 
tabulated values for this critical tractive 
stress as determined for the limiting velocities 
given by previous investigators. Of special 
interest was his attempt to correlate the criti-
cal stress to the void ratio of the soil. 
Smerdonand Beasley (1959) applied the 
tractive stress theory to the stability of open 
channels in cohesive soils. Water was allowed 
to flow through a flume over a cohesive soil 
sample until bed failure was noted. Bed failure 
is described as "general movement of the bed 
material." The critical tractive stress was 
correlated to the plasticity index, mean parti-
cle size and percent clay. 
Dunn (1959) utilized a submerged jet to 
determine the tractive resistance of cohesive 
sediments. The head of water on a nozzle placed 
vertically above the soil was increased until 
an initial erosion of the sample took place. 
The magnitude of the shear stress causing the 
scour was measured by replacing the sample by a 
shear plate coated with soil particles. The 
critical shear stress was then related to the 
vane shear strength of the soil, the mean grain 
size and the plastic limit. Dunn found that 
the physical properties of soil became more de-
pendent on surface area and less dependent on 
weight as the size of the particles decreased. 
Berghager and Ladd (1964) studied the 
erosion of cohesive soils through the use of 
flume tests. They postulated that the "shear 
failure" that occurred at the soil-water in-
terphase ought to be based on almost zero nor-
mal stress in order to help predict the be-
haviour of soil when exposed to running water. 
Boston Blue clay slurries were prepared in a 
fixed ring oedometer. The effective stress 2 
in the soil was of the order of 3 to 5 kg/cm 
depending on its weight. The soil sample was 
extruded with the porous stones from the oedo-
meter and it was then placed on the platform 
whose inclination could be controlled, in a 
tank filled with water. The soil at any 
point is then acted upon by the bouyant weight 
of the soil above and by the upper porous 
stone. As the angle of inclination of the 
platform was increased (slowly to allow drain-
age), the applied shear stress will increase 
with a corresponding decrease in the effective 
normal stress in the soil, this type of 
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procedure was continued to failure. Berghager and 
Ladd made the following qualitative conclusions 
retarding the erosion of cohesive soil, i.e., the 
erosion of cohesive soils depends on: 
l. Fabric of the soil 
2. The grouping of the clay particles in flocs 
and aggregates 
3. The nature of "true" cohesion 
4. The influence of the stress his to try of the 
soil 
Arulanandan et al. (1972) studied the influence 
of the chemical composit::i.on of the pore and eroding 
fluids on surface erosion. They developed an experi-
mental procedure for measuring the erodibility of a 
soil, using a cylinderlcal soil sample which was 
placed in a cvlinder. The region between the soil 
sample was filled with fluid of known chemical composi-
tion. The soil sample was then rotated so as to 
simulate sheet flow over a bare soil surface. The 
torque applied to the soil sample was related to the 
eroded soil material. The conclusions of this study 
were: 
1. A critical shear stress exists for a given 
clay soil and eroding fluid below which sur-
face erosion is essentially absent. 
2. At applied shear stresses above the critical 
stress, over range studied, the erosion rate 
increases linearly. 
3. Surface erosion is initiated as a particle 
by particle separation from the soil surface. 
4. Both the sodium adsorption ratio (S.A.R.) 
and the concentration of pore fluid ions 
affect the critical stress for a given soil. 
5. Concentrations of salts in the eroding fluid 
below that of the pore fluid reduce the 
critical shearing stress due to the swelling 
caused by the osmotic influences. The 
critical shear stress obtained by using dis-
tilled water as the eroding fluid is most 
conservative and most suited for situations 
where rain or snowmelt runoff is contemplated. 
Soil Loss Equations 
There are several "soil loss equations." These 
equations are usually formulated using data correlations 
through statistical techniques. The most popular one 
is the "universal soil loss equation" and it is stated 
as: 
A = (RF)(K)(LS)*C)(PF) (2.4) 
where 
A average annual soil loss (tons/acres) 
RF rainfall factor 
K soil erodibility factor 
LS length and steepness factor for the soil 
C croping and management factor 
PF supporting conservation practice factor 
Other equations of a similar nature have also 
been proposed by Wishmeier and Smith (1965), 
Musgrave (1947), Farnham, Beer and Heinemann (1966) 
and by Gottschalk and Brune (1950). In these equa-
tions the annual soil loss is correlated with r~in­
fall, soil erodibility, length and steepness of . 
slope, crop and crop management and soil management 
practices. A more detailed review of such equations 
is given by David (1972). According to Beer et ale 
(1966) such correlations usually are not comprehen-
sive. The many possible variations in climate and 
watershed conditions are so great that it is impos-
sible to develop a comprehensive correlation cover-
ing all types and gradations in variations. As a 
result errors of up to 400% are not uncommon with 
the use of such equations. 
Trieste (1977) analyzed sediment data from 2805 
infiltrometer plots to whether the Universal soil 
loss equation, a modified version of the Musgrave 
equation and a modified version of the Universal 
soil loss equation; could be used to predict eros-
ional losses. The results of this study indicate 
that "The soil loss equations are not universal, 
but for the most part, explain sediment yield with 
varying degrees of accuracy in different situations 
with no apparent trends or patterns." 
Summary of Review of Literature 
The review of literature presented in this 
report is by no means a comprehensive one, owing 
to the large amount of literature that is available 
on the subject of erosion of soil by water. Earl-
ier research (1930-1950) was often conducted by 
soil scientists working with agricultural soils 
and the findings of investigators,especially those 
concerned with detachment of soil by raindrop im-
pact, are especially difficult to apply to an 
erosion simulation scheme due to a lack of data 
regarding size and terminal velocity of raindrops. 
Also there is little information on the affect of 
slope length on the erosion characteristics. The 
affect of slope has been investigated by several 
researchers, however, the results of these studies 
are not in complete agreement. The soils at the 
phosphate mine sites in Southeastern Idaho display 
less plasticity than the range used to describe 
the erosion of cohesive soils, making it infeasible 
to use these results. 
The approach used by Komura (1976) to mathe-
matically model erosion seems to be the most 
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feasible, in that it can be extended to includo 
the affect of site climate, topography and soil 
in computing erosion rates. 
METHODOLOGY 
Problem Statement 
Objective 
The purpose of this study is to develop a 
mathematical model which describes erosion. The 
erosive agent that undermines the surface stabi 1 
ity of the overburden spoil dumps on the phos-
phate mines in Southeastern Idaho is runoff de-
rived from spring snowmelt. Some erosion lS also 
caused by runoff from rainstorm during the summer 
and fall season, but this is generally less than 
that caused by spring snowmelt. 
Theoretical Framework 
Model Rationale 
Accurate predictions of erosion rates are 
particularly difficult due to the complexity of the 
phenomena. Thus in mathematically modelling eros-
ion some simplifying assumptions are necessary. 
Assumptions: 
1. The overland flow is one-dimensional. 
2. The slope of the dump face is constant. 
3. The rainfall snowmelt and infiltration 
rates are constant throughout the reach 
of overland flow under consideration. 
4. The pressure distribution in the water 
flowing over the surface is hydrostatic. 
5. The composition of the soil is homogeneous. 
6. The sediment is noncohesive. 
7. The momentum correction factor in the 
direction of flow is constant and equal to 
1.0. 
Water surface profile equation. Under the above 
assumptions overland flow can be described by the 
open channel dynamic equation for spatially varied 
flow with lateral inflows. 
~ 
dx 
where 
So - Sf - 2qq*/ gy2 + q*UCos ¢/gy .. (3.1) 
Cos e _ q2/ gy 3 
S 
o 
q* 
g 
the gradient or slope of the dump face 
the friction slope 
the combined flow rate per unit width 
the lateral inflow per unit area 
the gravitational acceleration 
y the local depth of flow 
x the distance along the dump face 
e the angle between the x-direction and the 
horizontal 
U the velocity of lateral inflow as it 
enters the main flow 
the angle between the x-direction and 
the velocity U 
The variables of Eq. (3.1) are shown diagram-
atically in Fig. 2.1. 
The velocity of lateral inflow (U) as it enters 
the main flow is almost zero in the case where 
snowmelt provides the runoff. Also, it can be 
assumed that the rainfall is perpendicular to the 
overland flow, Cos ¢ ~ 0, the fourth term in the 
numerator of Eq. (3.1) can be neglected. 
Boundary shear stress distribution. The 
solution to Eq. (3.1) provides y = f(x). From 
this the distribution of the boundary shear stress, 
as a function of distance along the slope, can be 
computed from the friction equation of open 
channel flow (Henderson, 1966). 
WAliA Iiou ... "d 
p.o~" .. i 
Fig. 3.1. A diagramtic representation of the 
overland flow model. 
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and, 
dT 
o - EY ~ = YwSf dx .......... . (3.3) 
where 
T (x) 
o 
y 
boundary shear stress as a function 
of x 
the local depth of flow 
the unit weight of water 
the average friction slope 
Continuity equation for sediment transport. 
This was expressed by Li and Simons (1973) to be 
a power function of the boundary shear stress. 
dqs 
a T b ~= 0 (3.4) 
where 
x 
a 
b 
the rate of sediment transport in volume 
of material per uni.t time per unit width 
the distance in the downstream direction 
along the slope surface 
a constant describing the erodiability of 
the soil 
an exponent 
Equation of motion for sediment transport. It 
can be expressed in the form of the Kalinske bedload 
function (Rouse, 1949). 
where 
(3.5) 
U* the friction velocity 
D the mean sediment size 
cr and p the densities of sediment and water, 
respectively 
P a dimensionless exponent 
a a constant 
s 
y depth of flow 
According to Kalinske and Brown (1949) , a 10 
s 
and P = 2 for erodible open channels. 
as: 
Since U* = ~, Eq. (2.5) can be rewritten 
o 
a 
s 
T 
[~] 
P 
(2P+l)/2 
(3.6) 
Combining the equations of continuity and 
motion. The differential equation of sediment 
transport is obtained by differentiating Eq. (3.6) 
with respect to x and equating the result to Eq. 
(3.4), giving: 
dTol 
dx J 
TO (2P-l)/2 .•........•.• (3.7) 
From whence: 
a = 
and 
b 
Rate 
rate per 
E 
.., 
where 
2P(l+2P)/P 
2P-l 
2 
(1+2P) a 
s 
[(Q - l)g]P D(P-l) 
P 
dT 
o 
dx (3.8) 
(3.9) 
of soil erosion. The volumetric erosion 
unit area can be expressed as: 
Cf SL 
SL f a T b dx (3.10) 0 0 
a field calibration coefficient 
volumetric erosion rate per unit area of 
the slope. Since a unit width is being 
used dx represents the area dA with the 
dimensions of weight 
The erosion rate per unit area per unit time 
is computed by multiplying the volumetric erosion 
rate by the dry unit weight of the soil. 
where 
ER = Yd Cf E.., (3.11) 
the erosion rate per unit area of the 
slope face (weight per unit area per 
unit time) 
dry unit weight of the soil 
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Numerical Solution of W.S.P. l Equ. 
Boundary Condition 
Assuming that uniform flow conditions (S ~ 
So) exist at the downstream end of the slope,f 1he 
normal depth can be computed from Chezy's eClu3' iOIl 
and used to start the numerical solution. 
v = Cc'/Soyo ....•........ (3.12) 
where 
V the average velocity 
yo the normal depth 
S the slope 
0 
C Chezy's 'C-value' (= -ys;ji ) 
c 
f Darcy Weisbach friction factor 
Since q = VYo' Eq. (2.12) may be rewritten as: 
2 1/3 
yo = (q f/8gS
o
) • (3.13) 
Friction factor. It is well known that for 
laminar flow, the Darcy Weisbach friction factor 
is a linear function of the Reynolds number. 
where 
f C Re (3.14) 
C a constant for a given slope and soil 
surface roughness 
Re = Reynolds number 
For laminar flow over smooth surfaces with 
small bed slopes, the theoretical value of C = 24 
has been verified by several investigators (Hopf, 
1910; Jeffreys, 1925; Horton et al., 1935; Allen, 
1934; Straub et al., 1958). Other studies in 
rough steep channels with cross-sectional shapes 
other than rectangular show discrepancies from the 
theoretical value of C. Chow (1959) noted the 
trend of variation of the C value, i.e., higher 
for rougher channels and also, higher for rectangu-
lar than for triangular channels. 
Chen (1975) studied the affect of slope on the 
C value for two species of turf, in addition to 
data from other investigators' studies and found 
the following functional form: 
. . . . . . . . . .. (3.15) 
in which a and S are parameters which depend on 
the roughness size and the rainfall intensity, if 
1 -~-
W.S.P. = Water Surface Profile 
under rain. Chen suggests the following equation 
from the data of Woo and Brater's (1961) glued sand 
surface study: 
C = 235 S 0.296 for S ~ 0.00045 
o 0 
C = 24 for S < 0.00045 
o 
••• (3.l6a) 
and for the 2 species of turf: 
C 510,000 S 0.662 for S 
o 0 
> 0.00000029 
- (3.l6b) 
C = 24 for S < 0.00000029 
o 
Chen further indicates that the a value in Eq. 
(3.16) approaches 24 under no rainfall conditions, 
and the B value approaches zero for perfectly 
smooth surfaces. The under uniform flow conditions 
available on the C value are summarized in Table 
3.1. 
Bare soil surfaces exhibit a greater rough-
ness than glued sand surfaces, and a lower rough-
ness than turf. Hence, the C value for bare soil 
surfaces may lie between 235 and 510,000. A lab-
oratory study was undertaken to determine the C 
value for bare soil surfaces. 
Table 3.1. A range of C values (after Chen, 1975) 
Surface Type 
Glued Sand 
Turf 
Laboratory Study 
C Value 
235 
510,000 
The facilities used to conduct this laboratory 
study were provided by the Utah Water Research 
Laboratory in Logan, Utah. A detailed description 
of these facilities is given below. 
The objective. The object is to determine 
the affect of flow rate, normal depth and slope 
on the C value. This relationship can be pre-
sented by combining Eqs. (3.13) and (3.14). 
C 
8gy 3 S Re 
o 0 
2 q 
.••••.•••.. (3.17) 
Since Re = q/V (v = kinematic viscosity of 
water), Eq. (3.17) may be rewritten as: 
8gS y 3 
C = _--..:::0--..:::0_ . • • • • • • . . • . (3.18) 
qV 
The method employed is to set the slope (Soh 
vary the flowrate (q) and measure the normal 
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Apparatus. The laboratory facility used for 
the tests consists of 20 ft. (6.096 m) square 
tilting bed hinged at the downstream side and 
supported on hydraulic cylinders near the up-
stream tank. The test bed can support a 1 foot 
deep soil layer. Water can be applied as a con-
stant flow through a head tank at the upstream end 
of the test bed. The runoff from the test bed 
exists through ten 2-ft (60.96. cm) wide channels 
at the downstream end of the test bed. The side 
walls of the test bed are built of plexiglass to 
permit visual examination of the surface flow. 
Water enters the test bed through a baffled 
head tank which has dissipated sufficient energy 
in the water to permit a quiet, smooth approach 
over the soil surfacp.. The head tank is coupled 
with a supply line with flexible tubing to permit 
the tesr bed to be tilted to desired slopes. 
A data collection system consists of a dis-
charge-measuring magnetic flux meter and 20 depth-
measuring manometers. 
Along the centerlines of the third and 
eighth 2-ft (60.96 cm) exit sections, two rows of 
ten depth-measuring manometer tubes were instal-
led on the test, spacing 2 ft (60.96 cm) apart. 
Each of the 1/2 in. aluminum manometer tubes on 
bed side extend through the soil layer. The top 
of the tube is capped with fine mesh brass screen, 
level with the soil surface; across the bottom of 
the test bed is a flexible plastic tube which 
connects the bottom of the manometer tube. The 
1/2 in. manometer tube (plastic) is pivoted to 
the side wall of the test bed to maintain in the 
vertical position when the bed is tilted. Before 
starting any experiment, the manometer tubes are 
first filled with water to the soil level in the 
bed. 
Range of variables. 
1. Flowrate (Q) - 0.33 cfs to 1.27 cfs 
(or 0.0165 cfs/ft to 0.0635 cfs/ft). 
2. Slope (So) - 0.3333 (or 3:1). 
A typical experimental run. The slope of 
the tilting bed flume is set at 0.3333. The 
head tank is filled to within a few inches to 
the top. The two rows of the first five mano-
meters, from the downstream end are filled with 
water to the soil surface, and the initial 
reading is recorded. The valve is then set to 
desired position, to give the flowrate which is 
monitored by means of a magnetic flux meter in 
the line. As the water begins to flow over the 
soil surface and stabilizes (about 5 minutes) a 
final reading is taken from the manometers. 
Observations. Sheet flow conditions exist 
only for a very short time, after which it is chan-
nelized into rills and excluded some of the 
manometers from the flow. The flow varied from 
laminar to turbulent, depending upon the position 
on the tilting bed. This is due to localized 
changes of the relative roughness (K /y) as sedi-
ment is eroded. s 
Results. The depth vs. discharge relations 
are presented in Figs. 3.2-3.5 and Table 3.2. The 
use of Eq. (3.18) yields no valuable information 
about the C-value for bare soil surfaces. This 
is primarily due to the changes in the bed con-
figuration as the soil is ·eroded by flowing 
water. First, as channelization occurs the act-
ual flowrate (q) value departs from the computed 
value of the flowrate. Also, as the soil is 
eroded the measured value of the depth (from the 
original soil surface) is also different from 
the actual value of the depth. 
Discussion of results. The C value is a 
function of the surface roughness (K ) and the 
slope (S). As the soil is eroded t~e surface 
roughnesg changes. Hence, the surface rough-
ness for bare soils is dependent upon the scour-
ing capability of the water. The scouring capa-
bility of water is, in turn, related to the flow-
rate and depth of flow. Also, occurrence of 
both laminar and turbulent flow regimes is high-
ly dependent upon the pattern of channelization. 
The channelization is a two-dimensional affect 
and, since its influence is substantial, the 
assumption that the overland flow is one-dimen-
sional could give rise to errors in the model. 
In viewing the flow patterns (laminar and 
turbulent) on the tilting bed, it is felt that 
classifying the flow as being in the transition 
zone might facilitate a rationale manner for 
computing the normal depth. The Colebrook-
White equation, which describes some basic fluid 
friction relationships in the transition zone is 
considered. 
Colebrook-White equation. The form of this 
equation is: 
K ~ = 1.74 - 2 10glO [ __ s __ + ~ ] ... (3.19) 
-- 4y r-y foRe 'Vf 
where 
K 
s 
the relative roughness for open 
channel flow 
the depth of overland flow 
the soil surface roughness 
TI~ friction factor 
Chezy's equation and the 
can be solved for using 
relationship C2 8g/f 
c 
8gS y 3 
o 0 
. (3.20) f 
Substituting Eq. (3.20) into Eq. (3.19) and 
solving for Ks/4yo: 
(3.21) 
The data collected, namely q vs. y, in the 
laboratory study is used to compute K /y in Eq. 
(3.21). The main motive for computin~ KO = f 
(y ,q) is to replace K in Eq. (3.19) wi~h this 
fuRctional relation, sfnce K is very hard to 
measure. The results of thi~ computation are 
shown in Fig. 3.6 and Table 3.3. 
or 
B = 0.1641 [qJO.683l, r2 = 0.9743 .. (J.22) 
Hence, the relationship of y and Ks can be 
expr~essed as: 
Yo = B + 0.13 Ks ....•... " (3.23) 
y _ 0.164 qO.683 
o 
0.13 
(3.24) 
Computation of normal depth. Substituting 
Eq. (3.24) and Eq. (3.25) into Eq. (3.19) yields 
an implicit equation for the normal depth (Yo)' 
1 
1. 74 - 2 10glO 
3 2 
\
,8gS y /q 
o 0 
(3.26) 
Table 3.3. y vs. Ks, as computed from laboratory 
data and the Colebrook-White equation, 
and fitted using regression techniques 
Set Normal depth Flowrate Correlation 
1/ Yo = f (Ks)[ft. ] q (cfs/ft) coefficient 
1 Yo = 0.009203 + 0.13 K 0.0165 0.999 s 
2 Yo = 0.020327 + 0.1289 K 0.046 0.999 s 
3 Yo = 0.024287 + 0.13 K 0.0635 0.999 s 
4 Yo = 0.012821 + 0.126 K 0.0208 0.999 s 
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Table 3.2. A summary of data collected; depth vs. discharge relations. 
South side of North side of 
Run F10wrate Manometer tilting flume tilting flume 
Number (ft3/sec-ft) number 
Depth (in.) * Depth (in.)* 
1 0.0165 1 0.1 0.29 
1 0.0165 2 
- 1.14 
1 0.0165 3 - 0.95 
1 0.0165 4 - 0.57 
1 0.0165 5 0.86 -
1 0.046 1 0.1 0.67 
1 0.046 2 1.14 1.90 
1 0.046 3 
- -
1 0.046 4 1.81 0.76 
1 0.046 5 1.81 0.29 
1 0.0635 1 0.86 1.05 
1 0.0635 2 - 1.81 
1 0.0635 3 0.29 -
1 0.0635 4 1.66 0.76 
1 0.0635 5 1.90 0.29 
2 0.0208 1 0.85 0.85 
2 0.0208 2 0.28 0.76 
2 0.0208 3 - -
2 0.0208 4 0.57 0.66 
2 0.0208 5 - 0.47 
2 0.0234 1 - -
2 0.0234 2 - 0.57 
2 0.0234 3 - -
2 0.0234 4 0.60 0.28 
2 0.0234 5 1.8 -
2 0.0395 1 0.95 0.28 
2 0.0395 2 - -
2 0.0395 3 0.95 -
2 0.0395 4 0.76 0.19 
2 0.0395 5 2.18 -
*; Dashes (-) indicate missing data due to channelization. 
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The normal depth is solved from Eq. (3.22) 
using the Newton Raphson method, 
(m+l) 
where 
F 
F 
a.F/ay 
o 
[
y - B ] o 18.7 
0.13 Yo + ,l 3 2 
Re V8gS oY 0 Iq 
and, 
••.••• (3.27) 
..••• (3.28) 
2 10glO(e) 
Yo - 0.13 (Yo - B) 
2 (0.13 Yo) 
28.05 ] 
R;v'Bg:o (Yo2.S) 
q 
..••. (3.29) 
m = iteration number 
3 = 2.718 (base to natural logarithm) 
Solution Process 
The first order differential equation, to 
which a solution is sought, is available in the 
following form: 
~ 
dx 
S - S - 2qq*/gy 2 
o f (3.30) 
The Hamming method is used to generate the 
numerical solution to the above equation. 
The Hamming method. The first value of y is 
the normal depth and it is available. The next 
three values of y and dy/dx in the upstream dir-
ection are generated using the Euler method. 
These four values are then used to compute the 
predicted solution using the fourth order Milne 
predictor. 
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1. Predictor - (0) + ~ /).x 2EY I -~I 
Yi+l = Yi-3 3 dx i dx i-1 
+ 2EY J . . . . . .. . . (l. 31) 
dx i-2 
The predicted value is modified, by assuming 
that the local truncation error on successive 
intervals does not change appreciably. 
2. (0) Modifier - Yi+l (0) 112 ( (0) Yi+l - 121 Yo 
· .... (3.32) 
The modified value of y is then acted upon 
by the Hamming corrector. 
3. Corrector 
_ EYI ] dx i-I 
· .... (3.33) 
The final value of y is then obtained by 
estimating the truncation error from the y values 
given by the predictor and the corrector. 
4. Final - Yi+l (n) 9 [(0) Yi+l + 121 Yi+l 
· . . . . (3. -~) 
The above method has been implemented in the 
form of a computer program (Appendix A). 
Step size. Experience with the solution pro-
cess indicates that a step size (/).x) of -0.03125 
ft or smaller ensures that the error criteria 
(0.001) is satisfied. The program is built in 
such a way that if the error criteria is not satis-
fied the step size is decreased by a half. This 
division of the step size is carried out until the 
error criteria is met. On the other hand, if the 
error criteria is large compared to the truncation 
error, then the step size is enlarged. 
Computation of friction slope. The friction 
factor (f) is computed from the Colebrook-white 
equation (Eq. 3.19). This is an implicit equation 
in f. The Newton Raphson method is employed to 
solve for f, with y and q as knowns. 
(3.35) 
where 
F(f) 1 1. 74 + 2 log f~ + ~ 1 ~- 10 0.13y Re~J 
• • • • (3.36) 
[ 
18.7 1 
2 Re f372 
(3.37) 
When the change in f from iteration to itera-
tion is smaller than 0.0001, the f value is then 
used to compute the friction slope from Chezy's 
equation 
2/3 Sf = q f 8gy (3.38) 
Model Construction 
The model developed in this study is imple-
mented in the form of a computer program. The 
essentials of the computer model can be expressed 
in the form of a flow diagram (Fig. 3.7). 
The computer model operates on a daily basis 
over a period of one year, from August 1 to July 
30. A listing of the computer program is pro-
vided in Appendix A. 
Dump Geometry 
The pertinent dump geometric variables read 
in include: 
1. The gradient 
2. The slope length 
3. The slope aspect (North, South· or West 
facing slopes) 
Flowrate Computation 
Basically two different schemes are employed 
to compute the flowrate depending upon the time 
of the year. The flowrate that causes erosion 
comes from spring snowmelt and rainstorms in the 
summer and fall seasons. The snowmelt flowrate 
computation is preceded by snowmelt simulation. 
Snowmelt simulation. Jeppson, Hill and 
Israelsen (1974) developed a snowmelt simulation 
model as a part of their study. This computer~ 
ized snowmelt model estimates the snowmelt pro-
cesses as affected by: 
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1. Slope aspect 
2. Daily air temperature 
3. Windspeed 
4. Humidity 
5. Precipitation 
6. Solar radiation 
Data availability. No comprehensive climate 
stations exist in the vicinity of the phosphate 
mines in Southeastern Idaho. In fact, only pre-
cipitation and air temperature data are available 
at the Wooley Valley Mine that has been collected 
by Triangle Mining C0mpany in an unofficial cap-
acity. The la.ck of windspeed, humidity and solar 
radiation data makes it difficult to accurately 
assess exist~ng hydrologic conditions which in-
fluence snowmelt processes. Hence, the wind-
speed and humidity data are taken from Pocatello, 
Idaho, and solar radiation from Logan, Utah. 
Sensitivity analysis. Several simulations 
are made, with various coefficients to humidity 
and windspeed data, to study the sensititivy of 
the snowmelt model to these parameters. The 
results of this analysis (Fig. 3.8-3.10) indi-
cate that the annual snowmelt is not greatly in-
fluenced by windspeed and humidity. Hence, this 
snowmelt simulation model is incorporated into 
the erosion model developed in this study. 
Snowmelt flowrate. In actuality snowmelt 
will occur mostly during a short period in the 
day. Due to a lack of actual data, there is no 
rational basis for arriving at the time base over 
which the snowmelt might occur. It is felt that 
this time base may vary with the time of the 
year during the snowmelt period. Hence, a tri-
angular hydrograph with a time base of 2 hours 
is used. Since 1 acre-in. is approximately 1 
cfs-hour, the peak flowrate is computed thus: 
where 
d 
s 
f d 
r s 
(3.39) 
snowmelt lateral inflow rate per 
acre of melt area (ft3/sec-acre) 
total daily snowmelt runoff (inches) 
fr = runoff coefficient (dimensionless) 
Low infiltration rate of the soils at the 
site indicates that very little runoff will per-
colate into the fill. Hence, the runoff coef-
ficient of 0.9 is used. 
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0.8 0.9 1.0 
The one-dimensional flowrate over the slope is 
then obtained from the total flowrate: 
q 
where 
q 
SL 
43560 
q*s(SL) 
43560 
(3.40) 
one-dimensional flowrate or flowrate 
per unit width of slope 
slope length 
ft 2 in an acre 
Rainfall flowrate. This is considerably more 
difficult to compute, due to the erratic nature 
of the rainstorms with respect to intensity, dur-
ation and time history, in the mountainous terrain 
where the phosphate mines are located. The only 
information available on the summer and fall 
rainstorms is the total depth, duration and the 
maximum 5 minute intensity. Hence, the rainfall 
flowrate computation is based on a triangular 
hydrograph with 2 hours as the time base. Since 
1 acre-in. is approximately 1 cfs hour. 
where 
•....•....•.. (3.41) 
rainfall lateral inflow rate per acre 
of dump face 
d
r 
total depth of storm 
td total time duration of storm (hours) 
The one-dimensional flowrate over the slope 
face is computed thus: 
q 
q*r(SL) 
43560 
.••.....•..•. (3.42) 
Computation of Erosion Rate 
Numerical Integration 
The integration indicated in Eq. (3.10) is 
performed numerically. A fourth order Newton 
forward scheme is used to start the integration. 
In the middle a fourth order stirling central for-
mula is employed. At the end a fourth order 
Newton backward technique is used (Fig. 2.8). 
Newton forward. Uses information to right of 
x 0 to perform the integration. 
E2 = ~x [0.375 Fl + 19 F2/24 - 5F3/24 + F4/24] 
.••.• (3.43) 
Stirling central. Uses information on both 
sides of a point to perform the integration. 
/24] (3.44) 
Newton backward. Uses information to the 
left of x = SL to perform the integration. 
E 
n 
sets: 
(3.45) 
Summary of Data Requirements 
The model operates with the following data 
Climotological Data 
On a daily basis for a period of 1 year: 
1. Maximum air temperature 
2. Minimum air temperature 
3. Average relative humidity 
4. Total precipitation 
5. Solar radiation 
Dump Geometry Data 
1. Gradient 
2. Slope length 
3. Slope aspect 
Soil Data 
1. Mean size diameter of slope soil 
2. Density of slope soil 
-20-
.0 
o 
~ II--~ ---~~ ~ 
Petwon Stirling Netwon 
Porward Central Backward' 
Fig. 3.8. Numerical integration stratogem 
RESULTS 
Soil Erosion 
Computer model 
The computer model developed as part of this 
study generates the amount of soil loss, in 
pounds per unit width, based on the site, climate, 
topography and soil parameters. The climatic 
portion of the model generates a flowrate (cfs/ft 
from snowmelt or rainfall) which is used by the 
erosion simulation portion of the model together 
with the slop length, gradient and soil parame-
ters to compute the amount of erosion. The 
theoretical framework for the mathematical eros-
ion model is described in Chapter 3 (Methodology) 
of this report and a listing of the computer 
program is provided in Appendix A. 
Field data 
Field erosion data are obtained from a study 
by the Forestry Sciences Laboratory on the U.S.U. 
campus. The Forestry Sciences study collected 
sediment and total runoff in tanks from plots at 
the Wooley Valley mine in Southeastern Idaho. 
The Forestry Sciences, F. S., erosion plots are 
approximately 76 ft. in length and are construc-
ted at a slope of 3 horizontal to 1 vertical 
(see Appendix B for details). The F. S. erosion 
plots are constructed such that the sediment 
laden runoff is trapped at the downstream end 
of slope. The measurement of sediment and total 
volume of water, in the catchments basins, were 
taken about 5 to 6 times a year. The amount 
of soil loss and the total depth of runoff 
(the volume of water in the catchment basin 
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divided by the area of the erosion plot), from 
bare soil plots, display no consistent relation-
ship (Figure 4.1). The almost random distribu-
tion of data in Figure 4.1 perhaps indicates the 
extreme variability in the erosion characteris-
tics which is very difficult, if not impossible, 
to explain mathematically. One can only specu-
late the conditions that could have caused the 
wide scatter of these data. The affect of 
vegetation, arrangement of rocks in slope sur-
face, response to freezing and thawing cycles, 
formation of rills and gullies, interference 
from adjoining plots, soil moisture conditions 
through time and disturbance by human or animal 
treading on the erosion piliots have to be taken 
in accoupt in order to explain the variability 
of this erosion data. The mathematical model 
developpd in this study cannot be used to ex-
plain the respons~ to these factors. Hence, 
to abstract away from the variability in the 
data it is assumed that the daily soil loss 
varies linerarly with the total daily runoff. 
The total average measured soil loss over the 
two year period (1976 and 1977) is then distri-
buted according to the amount of daily runoff; 
where 
E . 
m1 
E . 
m1 
. . . . . . . . . .. (4.1) 
daily soil loss (lb/ft) 
total measured soil loss over the two 
year study period 
depth of daily runoff 
total depth of runoff over the two 
year study period 
The results produced by Eq. 4.1 are then us~d 
to calibrate the model with field data. This type 
of approach in using the field data to calibrate 
the computer model implies that model would not 
yield good results for a single storm, but when 
used over a long period (water year) the result 
would be better. 
Calibration of model with field data 
Daily soil loss, at the F. S. erosion plots 
(slope length = 76', gradient = 33%), is computed 
using the computer model developed herein in con-
junction with the 2 years of climatic data and 
soil parameters at the phosphate mine sites in 
Southeastern Idaho. The results produced by Eq. 
4.1 are plotted against the daily erosion computed 
by the computer model (Figure 4.2). The best fit 
straight line, forced through the or1g1n, through 
these data displays the following form: 
E 
m 
R2 
where 
E 
m 
EAW 
2 R 
-7 6.283 x 10 EAW 
0.9878 
(4.2) 
normalized measured erosion per unit 
width of slope (lb/ft) 
amount of erosion per unit width 
computed by model (lb/ft) 
correlatiotr coefficient 
Eq. 4.2 indicates the calibration coefficient 
which, when applied to the results produced by the 
computer model, yields the measured amount of 
erosion. 
~ffect of f10wrate and slope length 
To investigate the influence of variable 
slope length and flow rate on soil loss, simu-
lations were obtained using the erosion portion 
of the model. The flowrate is calculated accord-
ing to Eq. 3.37 and 3.38 using a time duration 
of 2 hours. The slope is maintained constant 
at 3 horizontal and 1 vertical. 
Volumetric erosion rate. Using 3 storm 
sizes and 4 different slope lengths, the volu-
metric erosion rates per unit width (ft 3/ft-sec) 
computed by the model are summarized in Table 
4.1. 
where 
qO.932 SLO.296 E~'L = Cf 1. 52 
0.9925 
the volumetric erosion rate per 
unit width of slope 
(4.4) 
Since P = 2 is used in the equation of 
motion for sediment transport (Eq. 3.6) the mean 
size diameter of the slope material (D) and 
specific gravity (Sg) can be factored out of 
Eq. 4.4. The mean size diameter of the soils at 
the phosphate mine sIte in Southeastern Idaho is 
0.0039 ft (1.19 mm) and Sg = 2.72, hence, in 
general the volumetric erosion can be expressed 
as: 
Cf 0.01754 qO.932 SLO.296 • •. (4.5) 
D(Sg - 1)2 
Rate of erosion. Multiplying the volumet-
ric erosion rate by the dry unit weight of soil 
yields the rate of soil erosion per unit width 
of slope. For a slope of 3 horizontal to 1 
vertical, this equation is: 
where 
Table 4.1. 
C
f 
0.01754 Yd qO.932 SLO. 296 ... (fL") 
D(Sg - 1)2 
rate of erosion per unit width, all 
slope of 3 horizontal to 1 vertical 
(lb/ft-sec) 
Volumetric erosion rate as a function 
of storm size, slope length and flow-
rate for the soils at the phosphate 
mine sites in Southeastern Idaho (for 
a slope of 3 horizontal to 1 vertcial). 
Flowrate Volume-
Total depth Duration Slope length at the metric 
of storm of storm (ft) (SL) bottom of erosion 
(inches) (hours) the slope rate 
(cfs/ft) (ft 3/ft-
(q) sec) 
(EV) 
1.66 2. 76. 0.00262 0.02076 
1.66 2. 100. 0.00344 0.03347 
1.66 2. 200. 0.00689 0.06857 
1.66 2. 300. 0.01033 0.ll389 
2.22 2. 76. 0.00349 0.02857 
2.22 2. 100. 0.00495 0.03494 
2.22 1. 200. 0.00918 0.09936 
2.22 2. 300. 0.01377 0.14916 
2.77 2 76. 0.00437 0.03671 
2.77 2. 100. 0.00574 0.04546 
2.77 2. 200. 0.Oll48 0.ll853 
2.77 2. 300. 0.01722 0.18537 
The erosion rate as a function of flowrate at 
the bottom of the slope and slope length for the 
soils at the phosphate mines is presented in 
Figure 4.3. 
Amount of erosion. Since 1 acre-in. is approx-
imately equal to 1 cfs-hr, the amount of erosion, in 
pounds per foot of slope can be expressed as: 
where 
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22680.75 Yd Cf td 
D(sg - 1)2 
qO.932 SLO.296 .. (4.7) 
amount of erosion per unit width of 
slope (lb/ft) 
calibration coefficient that relates model 
results to field oberservations (dimension-
less) 
time over which flow (from snowmelt or 
rainfall) occurs {hours) 
For the soils at the phosphate mine sites in 
Southeastern Idaho, Yd = 95 lb/ft
3 and D = 0.0039/ft 
(1.~9 mm) and Sg = 2.72. Assuming that Cf = 6.283 x 10- (from Eq. 4.1) is valid for all slope lengths 
at a slope of 3 horizontal to 1 vertical, the 
amount of erosion per unit width at the phosphate 
mines can be expressed as: 
qO.932 SLO.296 117.33 td •.•.• (4.7) 
where 
soil loss, in pounds per foot of slope 
width, at the phosphate mine sites in 
Southeastern Idaho, from slopes of 3 
horizontal to 1 vertical. 
Summary of Results 
The general equation for erosion per unit 
width for slope of 3 horizontal to 1 vertical can 
be expressed by Eq. 4.6, where C is a coeffic-
ient that must be developed on t~e basis of field 
erosion data in the following manner: Assume 
Cf = 1 and use Eq. 4.6 (or better the computer 
model in conjunction with necessary data 
(Appendix A»to compute soil loss per unit width 
of slope. Then plot the field data versus the 
computed soil loss, the slope of the best fit 
straight line forced through the origin is then 
equal to Cf for the particlar site. For the phosphate mine sites the erosion per unit width 
on a slope of 3 horizontal to 1 vertical can be 
expressed as Eq. 4.7. 
The affect of slope on erosion has not been 
studied. A slope of 3 horizontal to 1 vertical 
has been maintained constant. However, this can 
be incorporated into the computer model with 
minor changes in the FORTRAN code. 
DISCUSSION 
Summary of This Study 
The objective of this study was to develop 
a mathematical model which describes erosion 
based on the site climate, topography and soil 
parameters. The model developed herein has 
been implemented in the form of a computer pro-
gram. The mathematical model is developed us-
ing the equations of motion and continuity for 
sediment transport, dynamic and continuity 
equations for spatially varied flow with lat-
eral inflow and equations of boundary shear 
stress subject to overland flow. Several simu-
lation solutions were obtained for the soils 
at the phosphate mine sites, in Southeastern 
Idaho, using the two years of climatic data 
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available there. The computer model is calibrated 
using field erosion data obtained from a study by 
the Forestry Sciences Laboratory on the U.S.U. 
campus. The slope has been maintained constant 
at 3 horizontal to 1 vertical,primarily because 
slope stability considerations for the other 
overburden spoil dumps at the phosphate mine sites 
dictate this (Riker, Anderson and Jeppson, 1978). 
However t variable slope can be incorporated into 
the model with minor changes in the FORTRAN code. 
Relationship of Model Results To 
Field Data 
A plot of the computed vs. measured soil 
loss, pounds per foot of slope width, is furnished 
in Figm.e 4.2. The measured soil loss is much 
smaller than that computed by the model (Eq. 4.1). 
This could. be attributed to the assumptions made 
to simplify the mathematics of the erosion model 
and the lack of climatic data at the phosphate 
mine sites. Also, the field erosion data is not 
consistent with the total depth of runoff (Figure 
4.1) indicating that there are other factors that 
influence erosion characteristics considerably. 
The approach used in utilizing the field data is 
to abstract away from these other factors (e.g. 
vegetative cover, soil moisture condition, influ-
ence of freezing and thawing cycles, affects of 
channelization, disturbances caused by trampling 
on the erosion plots, hetergenuity of soil, physio-
chemical properties of soil, etc.) and distribute 
the total observed soil loss .on the basis of the 
total observed depth of runoff and daily runoff 
as indicated in Eq. 4.1. The affects of these 
other factors then shows up as coefficient as 
shown in Eq. 4.2. 
Implications of Modeling Procedure 
The assumptions made in implementing the 
mathematical model are described in Chapter 3 
of this report. 
Soil parameters 
The equation of motion for sediment transport 
(Eq. 3.5) as used in this study employs only the 
mean size diameter and specific gravity of the 
slope material. The other soil parameter used in 
implementing the model is the dry unit weight of 
soil. This places some limitations on using the 
model for universal application, because it fails 
to account for plasticity, compaction of the slope 
and heterogeneous deposits. The assumptions made 
regarding the soil parameter were that the slope 
material was non-cohesive, loose and homogeneous. 
The soils at the phosphate mine sites, in South-
eastern Idaho, display very little plasticity 
(Riker, Anderson and Jeppson, 1978), however, 
even a slight cohesion can influence erosion 
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characteristics considerably and cause Cf to be quite different than that found for the F. S. 
plots. A soil parameter such as relative compact-
ion or relative density should also be incorpora-
ted into the equation of motion and/or the equation 
of continuity for sediment transport. The assump-
tion that the slope material is homogeneous could 
also lead to considerable errors in the model, 
since the material in the dumps is far from homo-
geneous (Riker, Anderson, and Jeppson, (1978). 
Rocks that lie embedded in the slope face could 
change the energy dissipation characteristics and, 
hence, the erosion cha~acteristics of the slope~ 
In addition, the soil moisture conditions through 
time and more comprehensive information and the 
infiltration rates could be incorporated into 
the model through runoff coefficients. The 
affect of freezing and thawing cycles on the 
erosion characteristics would be valuable infor-
mation and could be used in the model, if 
available. 
One-dimensional flow 
While the assumption that the flow is one-
dimensional may not be too far from the con-
ditions in the field, it could have serious 
consequences on the results, for it ignores the 
channelization affect. The departure from sheet 
flow to flow in rills and gullies is a two-
dimensional phenomena which occurs during the 
erosion process. The model developed as part of 
this study is valid only for sheet flow condit-
ions. Komura (1976) suggests the following 
erodibility coefficients (Table 5.1). This im-
plies that under erosion with rill there may be 
5 times as much erosion and under erosion with 
gullies 10 times as much soil loss as that 
under purely sheet flow conditions. 
Table 5.1. Erodibility coefficients for various 
types of erosion (after Komura, 
1976). 
Erosion Type Erodibility Coefficient 
sheet erosion 1.0 
sheet erosion with small rills 1.0 
sheet erosion with rills 5.0 
sheet erosion with gullies 10.0 
One way to handle channelization, and still 
use the simplicity of one-dimensional flow, might 
be to obtain the numerical solution to the water 
surface profile equation (Eq. 3.1) based on an 
equivalent flowrate q, which reflects the channel-
izatioH affect. This could be accomplished in 
the 3following manner: Compute the total flowrate (ft /sec) that is occurring over the entire face 
of the dump, then to obtain the equivalent one-
dimensional flow divide the total flowrate by the 
product of the width of the dump and a flow 
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concentration coefficient (less than 1.0). .~ 
this flow concentration coefficient reflect'; L" 
percentage of the area over which the flow actu-
ally occurs, so as to leave out the no-flow 
region of the dump fac'e. 
Data Limitations and Recommendations 
Climatic data 
At the present time there are no officinl 
weather stations at the phosphate mine sites in 
Southeastern Idaho. Good information about the 
daily weather, which includes temperature, 
humidity, precipitation, wind speed and solar 
readiation data, at the mine sites, is vital 
data for any erosion simulation study. In 
addition, measurements of snowmelt hydro graphs 
should occur to facilitate and check the snowmelt 
predicted by the computer solution used in this 
study. 
Erosion data 
The erosion simulation model developed in 
this study computes the time rate of erosion per 
unit width. However, at the present time, there 
is no information on the rate of erosion in the 
field. These data could be developed using the 
existing facilities at the erosion plots at the 
Wooley Valley mine by measuring the volume of 
water and sediment that enters the catchment 
basins at some pre-decided time intervals. These 
measurements could be made during rainstorms and 
the spring snowmelt period to yield the time ratp 
of soil erosion per unit width in the field. This 
information would greatly enhance the basic under-
standing of the mechanics of soil erosion. Also 
the availability of field erosion rates would 
facilitate a more realistic calibration of the 
model developed in this study. 
Also, analysis of grain size distribution 
and other properties of the sediment, that is 
trapped in the catchment basins at the erosion 
plots,should be carried out. The relationship 
of the properties of sediment and the original 
soil could yield valuable insight about erosion 
mechanics. 
Conclusions 
The conclusions obtained from the results of 
this investigation are as follows: 
1. The general equation of slope erOSl0n for 
overburden sp'oil dumps at the phosphate 
mine sites in Southeastern Idaho can be 
expressed by Eq. 4.7, for a slope of 3 
horizontal to 1 vertical. 
2. The erosion model developed in this study, 
due to calibration approach used, will not 
yield good results for a single storm or a 
day of snowmelt, but when used over a long 
period (a water year) the result will be 
much better. 
3. The general equation of erosion on slopes 
of 3 horizontal to 1 vertical can be 
expressed as: 
qO.932 SLO.296 
where Cf is a calibration coefficient which 
must be solved for on the basis of field 
erosion data. / ~-, 
4. Additional studies are needed to incorp-
orate slope into the calibration of the 
erosion model. 
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APPENDIX A 
COMPUTER PROGRAM INPUT DATA REQUIREMENTS 
AND LISTING FOR EROSION SIMULATION 
Table A-I. Erosion simulation model input 
data requirements 
Card number and format. 
FORTRAN variables on 
this card (or cards) 
Card 1 (free format, 
i.e. numbers separ-
ated by commas) 
Time 
Rlim 
Qlim 
Iuti 
Step 
Iut2 
Iut3 
Card 2 (free format) 
NTEMPU 
CONSI 
CONS2 
Description of variables 
time base by the snowmelt 
period. 
Limiting Reynolds number 
(when this is reached, 
computations will be 
based on laminar flow 
equations) 
Limiting flowrate value, 
i.e. for q's smaller than 
this no erosion simula-
tion will be carried out. 
If Iuti = 1, numerical 
solution to the W.S.P. 
equation will be be 
printed. 
Increment (ft) to be 
used in storing values 
in solution arrays, eg., 
a value at every foot 
along the slope length. 
If Iut2 = 1, erosion 
rate along the slope 
will not be output. 
Increment to be used 
to print erosion rates 
along the slope. 
NTEMPU = 0, if temper-
ature data is being read 
in of. NTEMPU = 1, if 
temperature data is 
being read in °C. 
Constant to be applied 
to humidity data. 
Constant to be applied 
to windspeed data. 
Card number and format 
FORTRAN variables on 
this card (or cards) 
SLH 
SLN 
SLW 
SH 
SN 
SW 
Card 3 (free format) 
ERR 
HH 
UW 
Card 4 (l3A3) 
XMD (13) 
Card 5 (615) 
ITY,NN(S) 
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Description of variables 
Slope length on a hori-
zontal face (with respect 
to solar radiation). 
Slope length on a north 
fac ing s.lope. 
Slope length on a wpst 
facing slope. 
Gradient on horizontal 
faced dump. 
Gradient on the north 
facing dump. 
Gradient on the west 
facing dump. 
Closure error criteria to 
be used in generating the 
numerical solution to the 
W.S.P. equation. 
Initial step size to be 
used in starting the num-
erical solution. 
Dry unit weight of soil. 
13 element array of 3 
character month abbrevia-
tion for output of dates, 
i.e., AUGSEP --- JUL ANN. 
ANN must be the 13th 
abbreviation. Order of 
others must match order 
of subsequent data. 
ITY is a control parameter 
for climate data 
0 program stops 
1 climate data input by 
day for entire 36£ 
day period 
2 climate data input by 
days by month for 
12 month period 
Table A-I, Cont. 
Card number and format. 
FORTRAN variables on 
this card (or cards) 
Card 6 (1215) 
(!D(12) 
Card 7 (12F5.0) 
RD(12) 
Card 8 (1215) 
IR(12) 
Card 9 (12F5.1) 
RH(12) 
Card 10 (12F5.1) 
RW(12) 
Card 11 (12F5.l) 
RN(l2) 
Description of variables 
NN is a 5 element array 
of integers greater than 
.zero, i.e. (1,1,1,1,1) 
12 element array of the 
day of the month for 
which corresponding 
values of solar radia-
tion (card 7) are avail-
able (in order as indi-
cated by XMD) 
Solar radiation for 
select days above 
Same as ID above, only 
for radiation indices 
on following cards 
Radiation indices on 
selected days each 
month of a 12 month 
period for horizontal 
surface at the latitude 
of the site 
Same as above for west 
facing slope 
Same as above for 
north facing slope 
If ITY 1 read the following cards 
(12 thru 16) 
Card 12 (6A6) 
(FMT(6) 
Card 13 (FMT) 
TA(365) 
Card 14 (FMT) 
H(365) 
Card 15 (FMT) 
P(365) 
Format with which follow-
ing climate data on cards 
are read, eg, (16F5.0) 
Daily average air temper-
ature 
Daily average humidity 
(fraction) 
Daily total precipitation 
(inches) 
Card number and format. 
FORTRAN variables on 
this card (or cards) 
Card 16 (FMT) 
V(365) 
Description of variables 
Daily average windspeed 
(m.p.h.) 
If ITY 2 card following cards 
(17 thru 26) 
Card 17 (6A6) 
FMT(6) Format for TMX below 
Card 18, as many as 
req j d , (FMT) 
TMX(365) 
Card 19 (6A6) 
FMT(6) 
Card 20, as many as 
req 'd, (FMT) 
TMN(365) 
Card 21 (6A6) 
FMT(6) 
Card 22, as many as 
req'd, (FMT) 
H(365) 
Card 23 (6A6) 
FMT(6) 
Card 24, as many as 
req'd, (FMT) 
P(365) 
Card 25 (6A) 
Card 26, as many as 
req'd, (FMT) 
V(365) 
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Daily maximum air temp-
erature by day according 
to months (start a new 
month on a new card) 
Format for TMN below 
Daily m1n1mum air temp-
erature by day according 
to months. 
Format for H below 
Daily average humidity 
(traction) 
Format for P below 
Daily total precipitation 
(inches) 
Format for V below 
Daily average windspeed 
(m.p.h.) 
I 
W 
N 
I 
1 ~.... J 
C f) r~ 'I [j:~ / I 5 n L / I U T 3 , !J Ioi 
&(~I~o=REHnTE,HAXHECSII[=14) 
"i ( r\ L j ll: DIS K , TIT L ['= 0 A T A , F I l E TY P E = 7 ) 
L()M~1f)N /EROS/IHI,ERR, lUll, IUT2,STEP 
CO/1HU'j IFClC,HlIM 
DIM r:: j'j ~i I f) I~ V ( .so S ) , T " ( ) 6 5 ) , H ( .5 I) 5 ) , P ( .5 6 5 ) , l S ( .5 6 5 ) • R A 0:( 36 5 ) , fl I iI ( 3 6 5 ) , 
lRIN(36'.i),HlrI( 3(,') 
OIHEN~ION IU(1~),RO(12),IR(12),~H(12),HW(12),RNC12) 
DIM[NSION N~(5),FMTC6),TMX(365).TMNC365) 
In~!':t;.'i10N I~[)( l?>oXH'j( 13) 
OIHEN,)IOrl-rAV(13). rv( 13),PAV( 13),PVC13) 
o " r A ~Ill/.s 1 • .s 0 • .3 1. 3 0, 3 1 , 3 1 • 2 8, 3 1 , 3 O. 3 1 , .3 0, 3 1 I 
)) REWINu 5 
loIRITE(b.lOOl> 
11 FOR"Ar(2~,'ENf[R TIHE.RlIH,QlIM.IUT1: OR "?ENO" I) 
I{ E 1\ D ( ~ • I , UI 0 = 9 Y 1 ) T 1/'1 E , R LIM, 0 LI M, 1 U Tl, STEP • I U T 2. I U T .3 
REA D ( 5, I' ) T E 1-1 I' U , CO N S 1 , CON S 2, SL H, 5L N, S L W , SH, S N. S W 
READ(S./) ERR.HH.UW 
UN[TS=~LH/CIZ.*TIME) 
VNITS=SLN/C12.*TIHE) 
WNIT5=~LH/C12.*TIHE) 
QN=O.O 
QII=O.O 
()!oI=O.(l 
REI\D(')ol/J~) xMC' 
HEAU(5.130) ITY.NN 
) reP-MAT( 13A:\) 
If(ITY.LE.O) STJ? 
HEADC.i. 1_~0) ID 
READC'),131J tW 
REA [) ( '), 1 3 0) [fl 
i'<[A{j( Cj. 1 3 5) rot 
REA 0 ( 5. 1 .3 :~) ,~ w 
'! E " 11 ( Cj • 1 3 3) il N 
Fnp.t~AT( 1215) 
F1F<rHH1?FS.O) 
~ F~R~AT{/120X'MUNTH OF 'A3/4(3X'DAY 
FORMAT(12F5.1J 
FaR~AT{4CI6.~Fb.l» 
IF(ITY.EQ.2) GOTO 60 
R [ A 0 ( ') • 1 .5 5) F 11 T 
FOR M 1\ T ( (,,\ 0 ) 
READ('),FHJ) fA 
REf,[)(').FHT) H 
HUU('")lF~T) " 
flEAC(,),F~T) 
.. 0 T [) fJ 0 
:J[) 70 L=1,5 
IF(N~CL).LE.O) GO T070 
f~EAO(,)ol35) PH 
~I=l 
D [) r, 5 H ~ = 1 • 1 2 
~I F -:: MIt" 0 ( M 1-1 ) - 1 
GO TU(~1.62,63,o4.('5).L 
:~ [A C ( ". F M T ) l f ~I X ( J ) , J.: MI. N F ) 
[ F ( N r r" '1 l' lJ • E Q • 0) G n T 0 I) I) 
D f) 2 1 1 J 0: "I I • ~I f-
T H X ( J ) : .5 2 • t T ~I :( ( J ) • 1 • 8 I, (l T ~t fo r, 
) i1 [ " 0 ( '-, , r M T ) ( T 11 ~j ( J ) • J.: M I , H F ) 
[ F OJ I f- !.! I' U • [(I • Q) (i n Tn I) 6 
j)[) _~11 J=MI,HF 
RAO HIH HIW fI I N I )/ ) 
.] 1 T H X ( J ) " ~ 2 • t 1 11 X C J ) • 1 • 6 
GO TO 6f, 
S5 HEAD(5,FHT)( HeJ),J=MI,MF) 
00 511 .)=MI,HF 
11 HeJ)o:lI(J)*CONSl 
GO TO r,o 
:, (, R E" 0 ( '). F H T )( P ( J ) , J = HI, M F) 
GO TO 66 
~~ REI\O(~,rHT)C V(J),J=HI.HF) 
o 0 I. 1 1 J = lotI • Ji F 
11 V(J)=V(J)*CONS2 
:>0 HI=HFtl 
:, 6 CON TIN U E 
TO CONTINUE 
00 75 J=I,365 
'5 TAC.)=(THX(J)tTHN(J)}*D.5 
:'10 CONTlNUE 
MSD:::i) 
1\ XT= 1 
LST=O 
no 50 J=I,365 
~K=(J/(HSO+l})tLST 
IF(HK.~E.NXT) GO T03D 
LST=NXT 
NXT=NXTtl 
MSO=HSO+HO(LST) 
REMOVE THE C IN COLUMN ONE or THE fOLLOHING CARD rOR OEOUG 
WRIT[(6,132) XHOCLST) 
JJ=J .... 
JP=JJ+HOClST)-l 
~:> corn I NUE 
L=J-H~D+H[)(LST) 
INTERPOLATE FOR RADIATION 
If(L.LT.ID(lST» GO TO 33 
H8=LST 
HE=!IIXT 
Ir(ME.GE.13) HE=1 
DS=L-liHHB) 
GO TO 55 
33 MB=LST-l 
I1E=LST 
IF(HB.LE.O) 1'18=12 
OS=L+~U(MH)-ID(HB) 
35 TDS=HO{HB)-IDCH8)+IDCHE) 
HAO(J)=RJ(Hd)+CRDCHE)-RD(MO»·OS/TOS 
IFCL.LT.IR(lST» GO TO 43 
HO=LST 
HE::;NXT 
IF{~E.GE.13) 1'1[=1 
DS=L-lfHHB) 
GO TU 45 
U HO=LST-l 
HE=LST 
IF(HR.L[.O) H8=12 
DS=L+:-\OCH'1)-IH(KU) 
~5 TDS=HO(HJ)-IR(MB)+IR(HE) 
H I I H J ) = R H ( 11 H ) t C R H C ME) - R H ( H U ) ) * 0 SIT 0 S 
RIWC')=~~(HD)tCPWCHE)-RH(H9»*DS/TDS 
flIN(J)=hN(MB)t(RN(ME)-HN(MB»"OS/TD~ 
IF(L.fO.Mr(LST»)JP=J 
IF(J.NE.JP) GO TO 50 
I 
W 
W 
I 
H £lot{) V t: TilE C INC [J L U ~1 NON Ear r HEr 0 L L (J WIN G CAR :1 r 0 R () [ 0 U G 
wnIT[(b.134) (K,RAD(K),RIH(K),RtWCK),RiN(K).K=JJ.JP) 
») CON T H4iJE 
C=0.0002 
OT=I.0 
A=0.0005 
CK=O.OOOI 
SNO\;=O.O 
SNilf!= 0.0 
S r~ r/ N == O. i) 
!)N~W=O.() 
SHXfI=I.0 
SH Xli = 1 .0 
SMXW=1.0 
HRS=10. 
TLSP=O.O 
PUP=l.\) 
N=3f..~ 
M50=0 
NXT=l 
LST=O 
00 1 J=l,N 
~K=CJ/(HSOtl»tLST 
rr(MK.NE.NXT) GO TO 20 
LST=:~iXT 
NXT=N.<T q 
HSO=HSf)tM(}CLST) 
TVClSTJ=O.O 
TAV(LSf}="1.0 
PHLST>=O.O 
PAV(LST)=I).O 
?o coriT I NUE 
T!J=TA(J)-rLSP 
tl::r-( J )fr!JLSP 
COMPUTE MONTHLY AVERAGES AND TOTALS 
PVClSI)= f'VCLST) tP(J) 
PAVCLST):PAV(LST)tH 
T'I(LS.)= TV(LSTJ tTl\( J)1I10CLST) 
TAV(LST)=TAV(LST)+ TB/HO(LST) 
T X = T ;s - .5 2 • r) 
IFCTX.LT.O.O) TX=O.O 
ES(J)=6.11tTX~(0.ZtTX*O.008) 
14 EA=H(J)*ESCJ) 
SriO:~=O.O 
OT=I.0 
Ir(~H.GT • .52.0)G~ TO 2 
OT=?.O-T8132.0 
[Vi'= HHS*CK*VCJ)*([A-ESeJ»/QT 
EVIJ=-EVP 
Sn;ifl=R 
SNlill=SNWHt5NOW 
SN~il=SNWNtSNGW 
5/; 1'11-/ =SNWW tSNOW 
lr(;'NO~.LE.O.O) GO TO 81 
S~IXH=SNWH 
Si~X'j=SNiHI 
~. !1X k = S N W W 
H crna INlJE 
S,~CV=O.O 
S ~1 r: D = 0.0 
GO TU .5 
CONTlNUE 
[VP=O.O 
SMCV: HRS~CfrV(J)·CTtl-32.0)/QT 
Sr~CD= IIHS*B*V(J)*eEA-6.11)/(JT 
IrCSMCO.LT.O.O) 5I1CO=0.0 
CONTINUE 
SNloiI-t=SNWH-EVP 
SNWN=SNWN-[VP 
SNWW=5NWW-£VP 
IF{SNWH.LT.O.O) SNW/i=O.O 
rF(SNwN.LT.O.O) SNWN=O.O 
IF{SHWW.LT.O.O) SNWW=O.O 
ALIi = 1 • U - ( O. 2 0 ~ 0 • 6 0 * S N W Iii 5 M X H ) 
ALN=1.0-(0.20+0.60*SNWN/SMXN) 
Alw=1.0-CO.ZO+0.60*SNWW/SHXW) 
HHli=RAOCJ) 
HHN=RAO{J)*RtNeJ)/RIHeJ) 
HHW=RAO(J)*RIW{J)/RIHeJ) 
SMROH= ALH*HMH/eZ03.2*OT) 
SHRON= ALN*HHN/(Z03.Z*OT) 
SHROW= AlW*HHW/(Z03.2*QT) 
SMCALH=SHCV+SMCD+SMROH 
SMCALN=SMCV+SHCD+SHRON 
SHCALW=5MCV+SHCD+SHRDW 
IFCS~CALH.GT.SNWH)GO TO 4 
5 If AC T H= SliC A LH 
9 CONTINUE 
IF(SMCALN.GT.SNWN)GO TO 5 
SHACl N='SMCALN 
10 CONTINUE 
IF(SMCALW.GT.SNWW)GO TO 6 
5MACTW=SHCALW 
GO Tf} (} 
CONTINUE 
SI1ACTH=SNI'IH 
GO TO 9 
5 CONTINUE 
SHACTN=SNWN 
GO TO 10 
£» CONTINUE 
SMACTW=SNWW 
8 CONTINUE 
L=J-MSO+MO(LST> 
RHACTH=SHACTH*UNITS 
RMACTN=SHACTN*VNITS 
RHACTW=SHACTW~WNrTS 
QH=a~I+RHACTH 
QN=QN+RHACTN 
OW=CW+RMACTW 
IF(TAeJ).GT.32.0.ANO.peJJ.GT.O.O) GO TO 992 
GO TO 993 
9n QIt=QI!+peJJ*UNITS 
QN=Q~+PCJ)*VNITS 
CJW=QW+PCJ)*WNITS 
9~3 IF(QH.GE.QLIH) GO TO 994 
GO TO 995 
9~4 CALL SNUHEReQH.SH.5LH) 
QH=O.O 
9~5 IrCQN.GE.QLIH) GO TO 996 
GO TO 997 
9~6 CALL SNUMERCQN.SN.5LN) 
I 
W 
+:--
I 
QtJ=O.O 
-J( IF(QI{.G(.I;,LlH) GO TO 998 
GO TO 999 
--10 CALL SSUHER(QW,SW,SLW) 
(HI=Q .0 
'n 5 N \of Ii = 5 ~ IHI- S !'fA C T \I 
SN~N=SNWN-SMACTN 
SNWW=SNWW-SMACTW 
COllY pJU( 
f,1l TO 200-
-11 S T Uf' 
[~O 
SUBRUUTINE SNUHERCQ,SO.SL) 
COli ~ U ~ I E R 0 S I H H , ERR, I U T 1. IU T 2 • ST ( P 
COH~UN IR05/Al,SLL.SOO 
COMM~N ISDlPT/NPDINT 
REAL X(50),Y(SO),OY(SO) 
REAL XX(200).YYe200).Oe200),Fse200) 
Al=O 
SLL=SL 
500=SO 
SIZE=-l.*STEP 
WRIT[(6.210)Q,Sl,SO 
.lJ FORMATelX,10X,'rLOWRATE= ',flO.8,'cr5/fT',5X,I,lOX,·SLOPELENGTH= , 
f"F10.').'FT.',/rlOX,'SLOP(= ',rlO.B.II) 
Y( 1)=tJUUNO(Q) 
X(l)=SL 
I 1 = 2 
I 1=1 
XX( II I-=X(1) 
X~=l.n 
II=HH 
E= EHR 
J=l 
CALL SLOPE(J,X(J).Y(J),OY,Sf) 
FX=XX( I I )-X(J) 
IF(fX.LT.O.~.ANo.rX.GT.SIZE)II=II-l 
IFX=F:<ISTEP 
II=IfXtII 
If(II.LQ.Ill GO TO 101 
X)((II)=X(JI 
YHIl):.:f(J) 
FS(Il)=SF 
Il"'l! 
1)1 X1=X(J) 
Oll Ib J=2.4 
OY1=H*f)Y<J-l) 
X ( J ) :" X ( J - 1 ) • HI .5 • 
Y(J)=YCJ-l)+(OYI/3.) 
CALL SLOP[(J,X(J),Y(J),DY,Sf) 
OY2=H*[)Y(J) 
X(J)=xeJ-l)t{2.·H)/3. 
YeJ)=Y(J-l)+(DY?-{OY1)/3.) 
CALL SLOPF(J.x(J),YeJ),OY,SF) 
OY3=H*DY(J) 
xeJ)=X(J-l)tH 
YCJ)=YCJ-l)tOY3-0Y2tOYl 
CALL SLOPECJ.X(J).Y(J),OY,SF) 
Dyt.=lI k OY(J) 
Y(J)=Y(J-1)+(OYl+3.*OY2+3.*OY3tOY4)/8. 
FX=XX( 1 I )-XCJ) 
rFCFX.LT.O.O.ANO.FX.GT.SIZE)II=II-l 
IFX=FXlSTEP 
II=IFX+II 
IF( 1 I .EQ. II) GO TO 102 
XX(II)=XCJ) 
YYCII)=Y(J) 
FS<II)=SF 
11 = II 
: ) 2 XI =)( (J) 
11 If(H) 1201013 
12 Ir(X(J)-XN} 1,1,16 
13 Ir(xeJ)-X~} 16,1,1 
11) CONTIrWE 
J=4 
PC=(Y(4}-Y(I)-(3.*H*(OY(4)t3.~OY(3)+3.*OY(2)tDY(1»)/B .)*242./27. 
If(AOS(H).LE.0.001) GO TO 600 
IF(AOS(PC)-E) 19,19.45 
1'1 M=l 
2:> J=Jt1 
YCJ)=Y(J-4)+(4 •• tl*(2.*OY(J-l)-OYlJ-2)t2.*OY(J-3»)/3. 
Y(J)=Y(J)-112.*PC/121. 
X(J)=X(J-l HH 
C~LL SLOP[(J.X(J).YeJ),OY,SF) 
P=YeJ) 
Y(J)=(9. a Y(J-l)-YCJ-3)t3. a H*(OyeJ)t2.·0Y(J-l)-DyeJ-2}} )/g. 
PC=P-YCJ) 
IF(~GSef'C)-E)30.30,2S 
~5 rfCH) 40.40.45 
SO YeJ)=Y(JH9.*PC/121. 
M=O 
CALL SLOPEeJ.X1J),Y(J),DY,SF) 
FX=XX( 1 I }-X(J) 
IF(FX.LT.Q.O.AND.FX.GT.SIZE)II=II-l 
If}(=r.<ISTEP 
II=IFXtIi 
IF C 1 I • E Q • 11) GO TO 103 
XXCII)=X(J) 
VY(lI)=YCJ) 
FS( 1 [)=SF 
11 = I 1 
1)3 Xl=X(J) 
31 IF(H) 33.1.34 
33 IF(XCJ)-XN) 1,1.35 
S4 If(XeJ)-XN) 3'),1,1 
I 
W 
\J1 
I 
I~ Ir(J-() 20.3&.36 
Ir£fdlS(lt).Lf..O.OOl) GU TO &00 
~~ IrCABSCPC)-E/32.) 50.50.37 
~I DO ,3tj J=l.G 
X(J)=X(Jtl) 
Y<J)=Y<Jq) 
P3 DY(J)=OnJ+l) 
J=6 
GO TO 20 
',0 H=H/2. 
Y<l'=Y(J-t) 
X<l)=X(J-l) 
GOT 0 ;~ 
',5 H=H/2. 
GO Tf] 2 
i:l H=2.*lt 
55 
J'j 
)J 
:)4 
DO '55 J=2.4 
L=2*J-l 
X( J)='.({L) 
Y(J)=Y(L) 
OYCJ,=OYCU 
J=4 
GO TO 20 
X!J=X(l) 
N PO I I; T = I I 
IF(IUTl.NE.l) WRIT~(6.220) 
FORMATC1X.IOX.'THE ~UMERICAL SOLUTION TO THE W.S.P. EQUATION '.11) 
00 104 II=l.NPOINT 
If(XX(II)A..E.O.O) XX(II)=XX<II-1)-STEP 
IF(FSCII).LE.O.O) rS( II)=FS(II-l) 
IF ( Y Y ( r I ). L [ • (I. 0) Y y ( I I) = 2. * YY ( 1 1- 1) - Y Y ( I I-? ) 
COIlT I NUE 
NPOlla=NPorIH+l 
X X 01 r 0 I 'n ) = 0 • 0 
yy (~jf' J IN T ) = IJ. 0 
fSC~POI~lT)=O.O 
OJ(:;XXCl )-'.(X(2) 
OX=-I.·OX 
IFCDX.CO.O.O) nX=STEP 
OE=3.*YY(2)-11.*YY(1)/6.-1.5*YYC3)+YY(4)/3. 
O(I)=OFlOX 
DX=XXC? )-XX( 3) 
IfCOX.(Q.O.O) OX=STEP 
0[=YY(3)-YY(1)/3.-0.5*YY(2)-YY(4)/6. 
0(2)=OE/OX 
NP=NP[)INT-2 
00 111 I=3.~IP 
ox=XX( r )-XX( 1+1) 
If([)X.EQ.O.IJ) DX=ST[P 
OE:;?·{YY(I+1)-YYCI-l»/3.-(YY(I+2)-YY(I-2»/12. 
III O(I>=UE/O)( 
1I=IIP+l 
OX=XX(~-l)-XXCN) 
IF(DX.EQ.O.O) DX=STEP 
OE=YY(N+l)/3.+YY(~)/?-YY(N-l)+YYCN-2) 
o OJ>=DElDX 
N= Nt 1 
i)X=XX(N-t )-XX(N) 
IFC[)X.[Q.O.O) OX=STEP 
O(N)'=!l[lI)X 
OE=11.*YY(N)/6.-3.*YYCN-1)+1.5*YY(N-2)-YYCN-3)/3. 
IF(IUT1.EQ.1) GO TO 106 
00 lO') II=t.NPOINT.IUT2 
1)5 WRITEC6.200) XXCII).YY(II).O(II).FS(II) 
i:JO rORMAT<31i X=F13.5.3X.2HY=E15.8,JX.6HDYlOX=E15.8.3X.21IS=FI0.6) 
1)& CALL TURNERCXX.YY.D.FS) 
RETUR N 
[NU 
FUNCTION AOUNDCO) 
fl= O. 1 ~ 
IFCQ.GE.O:Ol.AND.Q.LT.0.07) 0=0.41962*Q**0.52&9 
IF(Q.GE.0.0085.ANn.~.LT.0.01) 0=0.3614*Q**0.49316 
IF(O.GE.O.0071.AND.Q.LT.0.0085) 0=0.34097*Q**0.48101 
IFCQ.G[.0.OO55.ANO.Q.LT.o.00(1) 0=0.30589*Q**0.459Q 
rr(Q.GE.O.0039.ANO.Q.LT.0.0055) 0=0.24077*Q**0.41348 
IF{Q.GE.0.01J28.ANO.Q.LT.0.0039) 0=0.08672*Q**0.23053 
M=O 
A=O.IG41*Q**O.683 
00=0**1.5 
Tl=0.10;92*Q/00-l.74 
T2=CO-A)/CB*D)+O.0000246/DD 
F=Tl+2.&ALOGI0CT2) 
T3=-0.16188*0/(00*0) 
TtI=0.8b859/T2 
T5=A/(3*D*O)-0.0000369ICOD*O) 
Df=T3tT4*T5 
ET=f/Of 
O=D-ET 
Ir(D.LT.O.O) 0=-1.*0 
M=M+i 
AET=A%(ET> 
IFCAET.GT.O.00001.AND.H.LT.50) GO TO 1 
BOUND=O 
RETURN 
END 
SUU~OUTINE SLOP£(J.x.Y,OY.Sf) 
COHMON IROS/Al~SLL,SOO 
REAL 0Y(50) 
SO=500 
QT=AlISLL 
Q=QT*X 
G=32.2 
T3=2.*QT*Q/CG*Y*Y) 
T5=Q*Q/(G*Y*Y*Y) 
TH=.32175 
Sf=FSLOPE(Y.Q) 
OYeJl=(SO-5f-T3)/CCOS(TH)-T5) 
RETURN 
ENO 
FUNCTION FSLOP[(Y,Q) 
COMHO~ IfC/RLIH 
SET OWN 
REAL [T.I11 
!~fSE T OWtl 
RE=Q/O. 0000 1217 
IfCRE.LT.RLIM.ANU.III.GE.5000.) GO TO 2 
11=0 
A=0.1641*Q**O.683 
B=.13 
R=(Y-A)/(8*Y> 
S=O.00022758/Q 
Z=O.39S912*Q**O.208768 
I 
W 
0\ 
I 
Tl=H+S*Z 
r=Z-1./4V-.·ALOGIO(Tl) 
OF=1.+O.86859*S/Tl 
IF(OF.EQ.O.O) DF=5.87107 
E:F/OF 
Z=Z-E 
M=Mtl 
IF(AUS(f).Gr.O.001.ANO.M.lT.2S) GO TO 1 
Ff=(1.IZ)**('. 
IF(flE.GE.R1.I~) r.0 TO 3 
IF(IIl.GE.5000.) GO TO 2 
I I I=~OOO. 
ET=rF*IlE 
WF<IT[(orlO) ET 
IJ Fr.RMAT(2x.'rON~TANT= '.FID.2) 
? FF==ET/HE 
5 fSLOP[=Q*Q*fF/(?57.&*Y*Y'Y) 
RETUIUJ 
END 
SUtlRCUTI>.j[ SINTr,(t<.f>.X) 
REAL P(200).X(200).E(200) 
COM~fJ~ fI~Ul/IUT3.U\~ 
OX=X(Z)-X(l) 
DX=OX*Ujoj 
E(2)~nX*(.375*P(1)+19.*P(2)/24.-5.*P(3)/24.+PC4)/24.) 
J=K-l 
00 1 I:3.J 
OX=X< I tl )-X( 1) 
DX=[)X <JW ... 
E(I}=[(I-l)+OX*«(P(I-l)+P1I»*13./24.-(P(I-2)+PCI+l»/24.> 
I) X= X ( K ) - X ( J ) 
OX=DX*UW 
E(K}=~(J)+DX.(3.·P(K)/8.+19.*P(J)/2D.-5.*P(K-2)/24.+P( K-3)/24.) 
~HITl«,,30) 
\ J r 0 R M ;" T ( ? y. • 1 tl j( • I E f\ fJ S ION RAT E ' • 2 If X • ' X -F r ' • I • 20 X, , - - - - - - - - - - - - , , 24 X. 
t'----'.II) 
DO Z I=2.K.IUn 
WHIT[(I),lO) [(I).X(I) 
1) FfJR~f,T(lH ,lOX.?(E2').~.10X» 
[R~[(I\)/X(K) 
WRITl(S,20) E(K).E~ 
~J FORMAT(2X.~X.'THE T1TAL fROSI~N PER UNIT WIOTH= ',E20.5.//.5X.'ERO 
$SIUN PER UNIT ARlA rER UNIT TIME = '.E20.5) 
WPITE{f,.4f) 
'.) F n fJ ~1 ,q ( 1 I.. • lOX r 'T". tJ NIT S A H E U! S • / SQ. rr • SEC • FOR THE E R 0 S ION HAT E 
f,' • I ) 
R [ T l'r~ ;'l 
[·W 
SUhROlJTINE TURiJEf{(XX.Y.O.F) 
COM ~ [J ~ ISO L P T If n' fJ I N r 
REAL ()(200) 
REAL XX(2aO),Y(~OO).F(ZOO}.P(200},PP(200}.X(200) 
Nr=~If'il!'1T 
SUM::O.O 
uf) 1 I=l."JP 
SUM=;;~""trCI) 
ANP=VLdATCNP) 
S F 1: = :.:, U ~11 i\ :1 P 
DO 2 1=1.1-11> 
DE=f·ESCi)( I» 
T .;: L ? • If. F ( I ) * Y ( [ ) 
OT=h2./I·SF8~OE 
T E :~ p = 0 • 4 1 7 4 2 * 0 T 
T:ABSer) 
PCI)=TEHP*T**1.5 
MP"'NP 
NPI=NP-l 
DO 3 [=l,NPI 
PP(I1P)=P( II 
X(HP)=XX(l) 
3 MP=MI'-l 
PP(1)=O.O 
X( 1>=0.0 
K=NP(lINT 
CALL SINTG(X.PP.X) 
RETURN 
END 
I 
W 
'-J 
I 
Date May 
Collected 1976 (snowmelt) 
Runoff Soil loss Plot (inches) 1b/acre 
S*-11 0.313 8.13 
S -10 0.550 47.81 
S -9 0.482 102.94 
S -8 0.546 59.00 
S -7 0.554 16.56 
S -6 0.363 110.95 
S -5 0.493 109.61 
S -4 0.294 61.59 
S -3 0.424 8.19 
S -2 0.428 27.85 
S -1 0.428 158.55 
T*-l 0.437 37.60 
T -2 0.460 81.26 
T -3 0.443 11.60 
T -4 0.482 12.56 
T -5 0.464 14.00 
T -6 0.673 23.85 
T -7 0.489 9.06 
T -8 0.596 153.20 
T -9 0.518 117.82 
T -10 0.450 59.79 
IT -11 Tank Floated 
* S Spoils used on these hots 
* T Torsoi1 used on these hots 
APPENDIX B 
Table B1. A summary of erosion data collected 
by F. S. study for 1976 
June 23rd July 27th August 8th 
1976 1976 1976 
Runoff Soil loss Runoff Soil loss Runoff' Soil loss 
(inches) 1b/acre (inches) Ib/acre (inches) 1b/acre 
0.030 0.87 0.008 1.67 0.004 0.117 
0.016 1.88 0.012 4.50 0.008 0.685 
0.021 4.72 0.021 21.67 0.003 3.82 
0.020 3.62 0.008 5.37 0.004 0.616 
0.012 1.81 0.008 2.19 0.002 0.205 
0.023 3.58 0.010 6.05 v.Ou3 0.692 
0.021 4.72 0.012 4.39 0.003 0.365 
0.015 3.18 0.011 13.47 0.004 0.516 
0.012 2.81 0.012 12.69 0.004 0.822 
0.022 2.50 0.011 3.90 0.003 1.260 
0.013 2.55 0.013 5.50 0.003 0.515 
0.013 1.65 0.009 2.55 0.003 0.46 
0.010 1.95· 0.010 2.16 0.003 0.20 
0.013 1.10 0.013 3.45 0.006 0.254 
0.018 2.28 0.014 6.89 0 .. 002 0.478 
0.017 0.95 0.010 1.11 0.007 0.058 
0.015 1.62 0.015 6.15 0.005 0.320 
0.014 1.56 0.011 2.89 0.007 0.365 
0.030 2.47 0.013 3.87 0.008 0.044 
0.015 2.70 0.013 2.88 0.007 0.193 
0.027 3.58 0.013 2.79 0.007 0.704 
- - - - - -
-
Sept. 9th 
1976 
Runoff Soil loss· 
(inches) 1b/acre 
0.017 2.0 
0.024 6.88 
0.042 55.0 
0.024 7.5 
0.016 1.88 
0.02 12.11 
0.014 10.56 
0.015 22.35 
0.024 8.75 
0.025 5.0 
0.019 11.0 
0.019 5.5 
0.020 0.21 
0.025 6.5 
0.021 3.89 
0.020 0.32 
0.029 10.77 
0.028 2.78 
0.026 5.33 
0.015 2.35 
0.033 2.11 
- -
Date 
Collected 
Plot 
S-11 
S-10 
S-9 
S-8 
S-7 
S-6 
S-5 
S-4 
S-3 
S-2 
S-l 
T-1 
T-2 
T-3 
T-4 
T-5 
T-6 
T-7 
T-8 
T-9 
T-10 
IT-II 
Table B2. A summary of erosion data collected 
by F. S. study for 1977 
May 27th June 13th 1977, July 11th 1977 
1977 (snowmelt) 
Runoff Soil loss Runoff Soil loss Runoff Soil loss 
(inches) 1b/acre (inches) Ib/acre (inches) 1b/acre 
0.57 349.0 0.004 32.0 0.013 29.0 
0.24 209.0 0.002 1.0 0.016 12.0 
0.48 457.0 0.007 1.0 0.042 83.0 
0.51 144.0 0.002 1.0 0.016 7.0 
0.38 37.0 0.002 1.0- 0.008 2.0 
0.41 387.0 0.010 2.0 0.013 12.0 
0.28 143.0 0.005 2.0 0.014 14.0 
0.07 600.0 0.007 3.0 0.015 20.0 
0.55 433.0 0.008 2.0 0.008 8.0 
0.44 38.0 0.014 4.0 0.009 5.0 
0.44 38.0 0.009 1.0 0.009 7.0 
0.39 12.0 0.013 1.0 0.019 5.0 
0.39 10.0 0.007 1.0 0.010 5.0 
0.42 7.0 0.009 1.0 0.013 5.0 
0.44 10.0 0.007 1.0 0.014 4.0 
0.43 1.0 0.007 1.0 0.010 1.0 
0.55 6.0 0.005 1.0 0.015 4.0 
0.01 3.0 0.014 1.0 0.007 1.0 
0.57 81.0 0.013 5.0 0.013 3.0 
0.52 115.0 0.007 3.0 0.011 5.0 
0.47 3.0 0.020 1.0 0.013 5.0 
0.35 316.0 Tank 110ated 0.18 16.75 
Oct. 
Runoff 
(inches) 
0.017 
0.024 
0.042 
0.020 
0.016 
0.023 
0.021 
0.018 
0.016 
0.009 
0.013 
0.022 
0.016 
0.025 
0.017 
0.02 
0.024 
0.028 
0.025 
0.015 
0.02 
0.038 
1 This plot is not reliable; the catchment tank floated from seepage pressures. 
-38-
14 th 1977 
'- --
So":'l loss 
1b/acre 
1.0 
2.6 
3 .. 6 
1.1 
0.6 
0.6 
1.7 
1.9 
0.6 
1.0 
1.0 
1.0 
1.0 
0.6 
0.5 
0.5 
1.0 
0.7 
1.3 
1.2 
0.5 
6.8 
-6£-
0 Bare I--' I--' 
.ffr 0 I Straw mulch & crimp I--' 0 LO Hydromulch \0 
Ul 
:::r' Bare t; 0 c 00 0'" 
CIl 
'0 
I--' 0 Straw mulch & asphalt III 
'" 
t-3 ::I 0 
rt 
'0 CD CIl 0. 0 
Ul o· Culti packer 1-1-CD 0\ I--' CD ~ 
0. I-'-
CD OQ 
0. 0 
0 Hydromulch V1 0. tl:I 0 I--' 
~ 
::I 
Straw mulch & crimp ~I ~ CIl 0 I--' '"d 0 I--' 
'0 III 
CD ::I 
CD 
0 I Bare wi -<: 1-1-m 
~ 
0 
0 Straw mulch & aspha~t NI I-tI ~ 
'"dO 
1--'0 
Cultipacker I--'J 
o I--' 
0 rt m I '< t-3 
t; <: 
m III 
(~ r T III I--' 0 Cultipacker I--' rtl--' S m m'< ::s rtt,:lj 
Straw mulch & crimp N CIl C ::I 
0 
W I-tI I-tI 
III 
::I 
0. 
Ul 
"-:::r' ~ t; t; 
c 0 
0'" c.o 
CIl 1-1-
0 
'0 ::I 
I--' 
III 
;j 
rt 
CD 
0. 
APPENDIX C "Table,Cl, Continued 
Table Cl. Daily flowrate (when q > 0), computed soil loss and the Flow rate, q at Computed s~il loss Measured soi~ loss 
measure soil loss compared over the 2 year study period of slope bottom (lb/ft ) (lb 1ft-
available'erosion data at the Wooley Valley erosion plots. 0.00004700 0.04812766 0.00095638 
F10wrate, q at Computed s~i1 loss Measured soil loss ~.0000160eJ 0.01763004 0.eJ0032557 
slope bottom {lb/ft 2 (lb/ft2 0.00012600 0.12065131 0.00256390 
0.00003100 0.03265533 0.00063080 0.00028200 0.25562796 0.00573826 
0.00012600 0.12065131 0.00256390 0.00054500 0.47237743 0.~H 108989 
0.00022000 0.20282307 0.00447665 0.00039500 0.34994540 0.00803763 
0.00001600 0.01763004 0.00032557 0.00063900 0.54788868 0.01300264 
13.00003100 0.03265533 0.013063080 0.00003800 0.03947850 0.00077324 
0.00001600 0.01763004 0.00032557 0.00062100 0.53349-122 0.01263637 
0.00001600 0.01763004 0.00032557 0.00037600 0.33423160 0.00765101 
0.00001600 0.01763004 o • 0 13 13 32-557 0.00001900 0.02069234 0.00038662 
0.00004700 0.04812766 0.00095638 0.00001900 0.02069234 0.00038662 
0.eJ0007900 0.07808745 0.00160753 0.00005600 0.05666416 0.00113951 
0.13130047130 0.04812766 0.001395638 0.00005600 0.05666416 0.1313113951 
0.000131600 13.1317:630134 0.0131332557 0.130009400 0.09182177 0.00191275 
0.00001600 0.01763004 0.00032557 0.00003800 0.039478513 13.00077324 
0.131313016130 0.017631304 0.00032557 0.00056400 0.48770733 0.01147651 
0.00001600 0.017630134 0.00032557 0.00003800 0.03947850 0.00077324 
0.00001600 0.01763004 0.00032557 0.00009400 0.09182177 0.00191275 
0.00001600 0.01763004 0.00032557 0.00026300 0.23953879 0.00535164 
0.00003100 0.03265533 0.00063080 0.00063900 0.54788868 0.01300264 
0.00014100 0.13398539 0.00286913 0.00018800 0.17518487 0.00382550 
0.00018800 0017518487 0.00382550 0.00003800 0.-03947850 0.00077324 
I 0.0001880.0 0-17,518487 0.00382550 0.00048900 0.42697738 0.00995038 ~ 
0 o • 0 00 36 1 0 0 0.32178783 0.00734578 0.00013200 0·.12599723 0.00268599 I 
0.00017300 0.1621218,. 0.0035202'8 0.0'0015000 0.14193891 0.00305226 
0.00001600 0.0176300'1 0.00032557 0.00018800 0.17518487 0.00382'550 
0.00003100 0.03265533 0.00136313813 13 .000113130 0.1091313771 0.00229937 
0.00006300 0.06323843 13.013128195 0.01300191313 0.1321369234 0.12112112138662 
13.00022000 13.20282307 13.130447665 0.012113621121.0 13.53349122 0.01263637 
0.000031013 13.133265533 0.131313630813 13.1313130191313 0.132069234 0.00038662 
0.00001600 0.01763004 0.00032557 0.0003121100 0.27164350 0.00612488 
0.00003100 0.03265533 13.01313631380 121.00005600 13.05666416 0.00113951 
13.0000161313 0.017631304 13.130032557 0.00003800 0.13 3947 850 13.001377324 
13.00001600 0.01763004 0.013032557 0.000282013 0.25562796 0.00573826 
0.00007900 13.07808745 13.130160753 0.0001319130 121.1212069234 0.1313038662 
0.130013791313 13.137808745 0.00160753 0.00060200 0.51826304 0.1211224975 
0.000-157130 0.14810247 0.00319470 0.1300613200 0.51826304 0.01224975 
0.0004138130 0.36066720 0.008313216 0.00009400 0.09182177 0.130191275 
0.000518013 0.45052988 0.01054048 0.00013200 0.12599723 0.00268599 
0.00050200 0.43754683 0.01021491 0.00037600 0.33423160 0.0121765101 
0.00003100 0.03265533 0.00136313813 13.1313131338013 13.1339478513 0.001377324 
13.1313006300 0.06323843 0.00128195 o • 121 0 0 0 1 9 ~~ v', 0.132069234 0.00038662 
0.00017300 0.t6212184 13.130352~28 13 .0009/.j1Z'V-v. 0.78508316 0.01912752 
0.00033000 0.29595735 0.00671498 121.00022600 0.20797356 121.130459874 
0.00004700 0.04812766 0.13131395638 13.13011850eJ 0.97423333 0.02411288 
13.000079130 0.07808745 13.0131613753 13.0131318800 0.17518437 0.130382550 
13.130023600 13.21653719 13.013480223 0.00001900 0.02069234 13.00038662 
0.1300126130 0.12065131 0.00256390 0.0013137500 0.137439616 0.013152613 
13.130006300 0.06323843 0.130128195 0.0013313930 0.68260659 0.01646187 
0.131313131600 0·0176300 L! 0.00032557 0.00~05600 0.05666416 3.00113951 
Table Cl, Continued Table Cl, Continued 
F'lowrate, q at Computed soi~ loss Measured soil loss 
slope bottom (lb/ft ) (lb/ ft2 2 Flowrate, q at Computed soil loss Measured so~l loss 13.13131313321313 13.13336361313 slope bottom (lb/ ft2 2 (lb/ft 2 13.13131365115 13.13131313321313 13.03363600 13.1313065115 
13.0131313751313 13.137439616 0.1313152613 13.1313131411313 13.13398539 13.1313286913 13.1321131571313 13.148113247 13.13213194713 0.13131313941313 13.139182177 13.1313191275 13.13211344211313 13.38696197 13.1313895331 13.13131313321313 13.1333636013 13.001365115 13.13131313161321 13.1317630134 13·1301332557 13.13131313631313 13.06323843 0.00128195 13.00131331013 0.133265533 0.0131363f2j80 13.131300631313 0.136323843 f2j.f2j13128195 0.0131313161313 0.131763f2j134 0.13131332557 13.131313639130 f2j.54788868 13.013130264 13 .130131331013 13.03265533 0.13131363080 13.013136961313 f2j.593313257 0.131.416250 13.13131313311313 13.133265533 13.13211363080 13.13013301130 13.27164350 13.130612488 13.0131313471313 13.134812766 0.130095638 0.13131322600 13.213797356 0.13134'59874 13.1313131363021 13.136323843 13.130128195 0.013136391313 13.54788868 13.0131313264 13.13001316013 13.0176313134 13.1331332557 13.13131313191313 13.1321369234 13.13131338662 13.1313013161313 13.13176313214 13.1301332557 13.013131881313 0.17518487 13.13133825513 13.131321131600 13.13176313134 13.0131332557 13.13131313381313 13.1339478513 13.13131377324 13.1313131113130 13.1136313812 13.1313223833 13.13131313381313 13.1339478513 13.13131377324 13.13131313161313 13.1317630214 13.13211332557 13.1313132441313 13.223371328 13.13134965132 13.13131313311313 13.133265533 13.130136313813 13.1313130191313 0.1321369234 13.1301338662 13.13213~H6133 13.13176313134 13.13132132557 13.1313132441313 13.223371328 13.1313496502 13.13131313161313 13.01763'~134 13.13131332557 13.1313013941313 13.09182177 13.1313191275 13.1301313162113 13.1317631304 13.13131332557 13.13131313941313 13.139182177 13.1313191275 I 13.13131313161313 13.131763004 13.13131332557 13.13131313191313 13.1321369234 13.13131338662 .p-
...... 13.13131313161313 13.13176313134 13.1313032557 13.1313133951313 13.349945413 13.13138133763 I 13.1301313331313 13.133461459 13.131313671513, 13.1313132441313 13.22337028 13.13134965132 13.13131313331313 13.133461459 13.13013671513 13.1313132261313 13.213797356 13.1313459874 0.13131313331313 13.03461459 13.01313671513 13.13131315131313 13.14193891 13.13133135226 13.13131313471313 0.04812766 13.1301395638 13.13131313561313 13.135666416 13.1313113951 13.13131313631313 13.136323843 13.1313128195 13.13131313381313 13.1339478513 13.13131377324 13.13131313941313 13.139182177 0.1313191275 13.1313133571313 0·31846367 13.1313726439 13.1313013471313 13.134812766 13.1313f2l95638 13.13131313381313 13.1339478513 13.13131377324 13.13131313311313 13.133265533 13.1313136313813 13.1313131321313 13.12599723 13.1313268599 13.13131313791313 13.1378138745 13.13131613753 13.13131331311313 13.271643513 13.1313612488 13.13131313631313 13.136323843 13.1313128195 13.1313013941313 13.139182177 13.130191275 0.131301363130 13.136323843 13.013128195 0.0130320130 21.28759036 13.130651150 0.0131313791313 f2j.f2j78138745 13.13131613753 13.0013282130 13.25562796 0.13135?3FS~h 13.131313131613f2j 13.13176313134 13.13131332557 o • 121 '1;' ';) 'I',' '.' (iJ.e9182177 0.1313191275 13.130130941313 13.139182177 13.1313191275 13.13013131900 0.02069234 13.1313f2j38662 13.13131313471313 13.134812766 13.1313f2j95638 13.1300338013 13.313263851 13.130687777 13.131313f2j31013 13.f2j3265533 f2j.13131363138f2j 13.1301382700 13.69615052 13.131682815 13.130131113013 13 .1136 313812 13.1313223833 13.131301319013 13.1321369234 13.f2j131338662 13.13131313161313 13.13176313134 13.13131332557 13.1313131881313 13.17518487 13.13133825513 13.13131311131313 13.1136313812 13.1313223833 13.13131313381313 13.133947850 0.13131377324 13.13131313631313 13.136323843 13.1313128195 13.13131313191313 13.1321369234 0.13131338662 13.131313134713f2j 13.134812766 13.13131395638 13.1313132821313 13.25562796 13.1313573826 13.13131313471313 13.134812766 13.13131395638 
13.13131311131313 13-1136313812 13.1313223833 
13.13131313161313 ,,.13176313134 13.13131332557 
13.13131311131313 13.1136313812 13.130223C33 
13.13131311132113 13.1136313812 13.1313223833 
13.13131313161313 13.13176313134 13.0131332557 
Table Cl~ Continued 
Flowrate, q at 
slope bottom 
0.00028200 
0.00118500 
0.00056400 
0.00058300 
0.r2J0007500 
0.00048900 
QJ.00033800 
QJ.r2J0030100 
0.00022600 
0.00039500 
QJ.00018800 
0.00009400 
0.00024400 
0.00030100 
0.00097800 
0.00131600 
0.00001900 
0.00037900 
0.00035700 
0.00003800 
0.00056400 
0.00001900 
0.00000000 
Computed soil loss 
(lb/ft 2) 
0.25562796 
0.97423333 
0.48770733 
0.50300212 
0.07439616 
O.42697738 
0.30263851 
0.27164350 
0.20797356 
0.3499454r2J 
0.17518487 
0.09182177 
0.22337028 
0.27164350 
0.81462137 
1.07'.&24318 
0.02069234 
0.33671625 
0.31846367 
0.039·47850 
0.48770733 
r2J.02069234 
0.0(:HHH?J00r2J 
-42- / 
Measured so~l loss 
(lb/ft ) 
0.00573826 
0.02411288 
0.01147651 
0.01186313 
0.00152613 
121.00995038 
0.00687777 
0.00612488 
0.00459874 
0.00803763 
0.00382550 
0.00191275 
0.00496502 
0.00612488 
O.01990076 
0.02677853 
0.00038662 
0.00771205 
0.00726439 
0.00077324 
0.01147651 
0.00038662 
0.00000000 
APPENDIX D 
The data in this appendix was collected by JJhn Clouser of Triangle 
Mining Company, who were contracted with Staffer Chemical Company to do 
the mining at the Wooley Valley site. Mr. Clouser very generously 
supplied us with his original copy of this data. Since climatic data 
is essentially nonexistent in the immediate vicinity of the mine sites, 
with the nearest available data at Conda and Soda Springs, there appears 
to be good justification for including the data in this report. We 
fear, otherwise, it will be lost. The climatic data has been reproduced 
directly at a reduced size from the hand records that Mr. Clouser gener-
ously supplied us, because we believe a loss would result from typing 
the original data. 
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